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Preface 



This is a training prograa designed to educate students and individuals 
in the iiqportanoe of oonserving energy and to provide for developing skills 
needed in the application of en^ngy-saving techniques that result in energy- 
efficient buildings* 

U|aan successful oonpletion of this course of instnjction, a student will 
be able to perform at the job entry level. 

Alternatives are provided in this program to allw for sp&. lie 
instruction in energy-saving tnethods and procedures, or for integration 
vath construction courses . It may also be used for self-paoed instructjon , 

tt)en used in the classroom, the unit can be integrated with the building 
construction curriculan, or it can be tauc^ separately. 

A teacher guide and student workbook are available to st:(3plement tlie basic 
manuals. Ihe resource person should consult the teacher guide and follow 
procedures given therein. 

The material is divided into three parts: 

part one: undbbs1and1ng amd ppacndnq vmci oonservatign in 
buhdihgs. 

PART TOD: DOBVIIHING AMOUtlT OF OmGX UST OR GAINED IN A 
BUIU>DIG. 

PART HIREE: WUCH PRACTICES ARE MOST EFFIdENT AND 

WSmum MATERIALS. 
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Part 3 



Determining Which Practices are 
Most Effective and Installing Materials 



selecting antS installing energy- 
efficient naterials and equipnent are 
discussed under the following headings: 

1. Determining Which Practices 
are MDst Efficient and 
Eooncmical* 



11. Installing Energy-Saving 
Materials. 

111. 3jt?srDVing Efficiency of 
Equifment. 



I. Determining Which Practices are 
Most Efficient and Economical 



There are nany factors which enter 
into ai^ decision about efficient energy 
use and eoonocnic feasibility in the 
design^ construction and operation of a 
building. Cheap energy has allowed us 
to design and construct buildings with 
little or no regard for the local climate^ 
the nature of naterialst or the effi- 
ciency of the support ^sterns installed. 
To some extent* we have even ignored 
the ocmfbrt and health of the persons 
living and vrorking in these structures 
by excessive use of artificial heating* 
cooling and lighting. have beoon^ 
controlled by our excesses rather than 
by our senses. We have in most cases 
vented nore than we needed* 

The shortages and* therefore* higher 
costs of our traditional fuels are 
causing us to take a nore careful look 
at the way we design* construct* and 
operate our living and working spaces. 
Vfe can no longer ignore the concepts of 
conservation and increased efficiency 
(Figure 1) . 




FinURE 1. Underground house. 
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This section will oonsider vays in 
vihich building designs^ oonstructic^ 
metiiodst and operating systenis can be 
chosen so that energy can be used nore 
effectively and with less eaqponse. Hie 
following divisions are included: 

A* Vtiat Site to ChDose. 

B. Vtiat Design to Use. 

C. ttiat Materials of Construction to 
Use* 

ttiat Type and How Much Insulation 
to Use* 



£* Mhat iVps of Vapor Barrier to Use* 
F* Wiat Type and How ^4Jch Weather- 
stripping and Caulking to Use* 
G. ttiat IVpe of Windows to Use* 
H* What Type of Ddots to Use* 
I. «iat Type of Heating Bquipnent 
to Use. 

J. What Type of Air Ocaiditioning to 

Use if Needed* 
K* What Type of Ventilaticm to Use* 
L. WtBt Type of Lighting to Use* 
M. !ftiat Type of Hater Heater to U&e* 
N* What Type of Plunbing to Use* 




A* What Site to Choose 



Wherever you choose to live or irark, 
you cannot help but experience the 
mather — sunshine, wind, rain, tarpera- 
ture and hunidity. These elements of 
climate along with the geogr^)hy, or 
nature of the land and vegetation around 
us, should determine how we select a 
building site to obtain masdirun oonf ort 
and efficiency* 1K> save energyi sane 
residences are now constructed under- 
grouncl (Figure 1)* 

Fcciii this section, you will be able 
to describe how clijnatic conditions and 
geographic location nay affect your 
choice of building sites* A discussion 
of climate and its effects will follow 
under these headings: 

1. Types of Cliitate* 

2. Effect of Climate and Geographic 
location. 

3. Effect on Convenience* 

4. Effect on E^iergy Use. 

1. TifPES OF dilMKIE 

Webster's I>lctionary defines climate 
as "the average course or condition of 
the weather at a place over a p^iod of 
years**.** Since weather is the noientary 
state of the atmospheric atvircnment at 
a particular location, climate could be 
defined as the sun total of all the 
weather that occurs at any place. 



Wind, precipitation, sunli^it, 
tarperature, and hunidity are all 
factors of the weather. Carbinations 
of these elements give each climate 
zone its normal weather characteristics* 

A review of the climatic ccviditicns 
in the U* S* will be helpful* The 
United States is l^ically divided into 
four climatic ^ones: cold, taifierate, 
hot-arid, and hot-himid* The areas of 
the Iftiited States \duch e:diibit the 
g^ieral characteristics associated with 
each zone are shown in Figure 2* Urn 
boundary between regions is not as 
abn^ as indicated^ Climatic character* 
istics vary both between and within 
regions* It is not unusual for one 
region to eidiibit at one time or another 
the characteristics oomon to wery other 
region. 

Oold regions : A wide range of 
tenperature is cnaracteristic of cool 
regions* Tarperatures of minus 30^F 
(-34*4^0 to plus lOO^F (37.8^C) have 
been recorded indicating hot sutmers 
and cold winters* Persistent winds 
year round are generally out of the 
NW and SE* Northern locations with 
oDol climates receive less sunshine 
than southern locations. 





12 




14 




FIGURE 2. Climatic regions of the conditions in the United States* 



• Tan^erate regions : Seasonal tar^ Hot-faimid regicais : Hi^ toiperatures 

eratures provide an equal distribution and frequent raiiis are characteristic of 

of ovechfiated and untiecheated periods. hot-hwad regions. Wind velocities and 

Seasonal winds frcm the NW and S along direction var^* throughout the year and 

with periods of high hunidity and large during tha day. Hurricanes with wind 

anounts of precipitation are cdtroon. velocities ip to 193 lon/h (120 wph) nay 

Ihtenoittent periods of sunny days aie be expected from E-SE directions, 
followed by extended periods of cloud/, 

overcast days. 2. £FFBCT CF CUWaFE AtD GBDGRAPMC 

LOCATION 

ftyt-arid regions: Hot-arid regions 
are characterised by clear sky, dry The effect of cliitete on building 

atno^ere, extended periods of over- location is very inpartant. Of primary 

beating, and wide day to ni^t tenperature concern is the ori^tatioa of the 

range. Wind direction, is generally along building to itake the best use of solar 

an E-w axis with day and evening radiation and wind direction, 
variations. 
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Tte "sol-air** effect recognizes that 
solar ralLatiai and outdoor taiperature 
act tog&tlier to influence the cFverall 
heat gain through the surfaces of a 
building. Since the outdcx>r air tarper- 
atures are lower in the ncrning and 
peak in the mid-aftemocn, a house 
^KHild be oriented sanevAiat east of due 
south in order to take advantage of 
the early noming sun when heat is niDst 
needed. In the sumner, the principal 
heat gain comes in the aftexnoon, frcm 
the vest and southwest, so the house 
should face away frou this direction to 
mmunize the solar heat gain in that 
season. The optiinun orientation vill 
vary for different regions and building 
sites depending iqpon heating and cooling 
needs and other factors such as the wind 
{Figure 3) . 



3. EFFECT ON OONVEMIEHC:E 

You may be liinited in choice as to 
the geographic location of the building. 
However, you nay be able to select a site 
that will give you the benefit of 
natural resources. Look for the 
following site characteristics: 

- Mvantage of sunli^t . 

- Mvantage of shad e. 

- Mvantage of prevailing winds . 
^ Protection from oold winds . 

4. EFFECT OM ENERCT USE 

Naturally you will use more energy 
in heating a building in oold climates. 
In warm climatesf the energy used for 
air conditioning may be m^re than for 
heating. 



B. What Design to Use 



De sign means planning to meet a 
specific need. When designing a home 
or other building, it is necessary to 
determine how the space or shelter is 
going to be used. A family uses a home 
for several activities, each of which 
has certain space and comfort require- 
ments. An ene);gy-^ficient home or 
building is one irfiich provides the 
required space and comfort to its 
Occidents at a reasonable oost and 
without harmful effects on the iinnediate 
envirorment. 



In this section you will be intro- 
duced to several basic design features 
which, with careful consideration, will 
make the most of the regional climate 
and site location. The following topics 
will help you to determine vtot design 
to use for an energy-saving building . 

1. Design Features that Affect 
Energy Use. 

2. Effect of dimate and Geographic 
location. 

3. Effect on Cbnvenience. 

4. Effect on Energy Use. 

5. Effect on Oost Benefits. 
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FIGURE 3* Optimum orientation of building in climatic zones of the United States , 
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1. DESIGN FEgCTORES TIRT MFBCT EMERGif ^JSE 

Several design features of a building 
need to be considered to nake it energy- 
Scivijig. 13ie design features oonsidered 
here include: 

a. Shape and Voluptis 

Die square floor area of a building 
affects the cost — both initial outlay 
and oontiming neintenance and operation, 
larger buildings require irore oonstruc- 
tion materials and a larger capacity for 
heating aiid ax)ling equipment than 
analler buildings, as well as nore fuel 
to naintain a ocxnfort 20m within the 
building. 

nie pptiitmn shape is one which has 
minimal heat gain in sanner and minijnal 
heat loss in winter. 'Therefore, the 
fofm of a building depends u^on the 
climatic region. Itiree factors help 
determine optimun shape: (1) volune-to- 
surface ratio; (2) solar exposure; and 
(3) potential for inailation. Uie 
TOlune-to-surfaoe ratio of homes is 
iirportant, but cannot be oonsidered alone 
in determining the shape. It mi^t 
appear that a cubicle house would have 
the least heat loss and gain because it 
is ocnpact, but this is mt the case. 
*rhe optimun shape for thermal iitpact for 
every dinete is a rectangle with 
differing degrees of elongation along the 
east-west direction. Figure 4 illus- 
trates the optiitun range for eadi 
climate as determined by Olgyay. How- 
ever, Olgyay did not consider the 
potaitial for insulation. 



COOL HOTARIO 

TEMPERATE HOTHUMIO 



a □ 




1:1.1 TO 1:1.6 TO 1:1.3 TO 1:1.7 TO 
1:1,3 1:2,4 1:1.6 1:1.3 



FIGURE *+. OptimuTn Building Shapes 
for Climate Zones (Ratio of width 
to Length). 



Ihe National Association of Home 
Builders (NAHB) has shown that the 
potential for insulation is a very 
infsortant factor in detemining the 
optiimm shape of a han& for thermal 
efficiency. A two-sbory house may not 
have any less heat loss or gain than a 
one-story house of the same square area, 
llie fact that ceiling areas are more 
effectively insulated than \dalls makes 
the one^-sbory house equally as efficient 
as a twD-story liouse. 

Ihe volime effect (as the volme of 
a cube increases, its volune-to-surface 
area ratio increases) plays a more iirpor^ 
tant cole in larger buildings sodi as 
apartmant hcmses or office buildings. 
An interior space may have a lower 
heating and oooling load because it has 
less surface exposed to the weather. 
Figure 5 illustrates volunte-to-surface 
areas. 



VOLUME^ 64 FT 
SURFACE- 96 FT,^ 
RATIO: 



VOLUME; IFT 
SURFACE 6 FT 
RATIO, 16 




VOLUME. 8FT 
SURFACE 
24 FT^ 
RATIO 13 




FIGURE 5. The surface area exposed 
to outside affects energy use. Note 
energy loss is reduced in both cold 
and hot-arid climates by "square" 
designs. 
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b. Fbundations 



Footings and foundations connect a 
building to the ground. The masOTiry oi 
concrete of which nost foundations are 
made has very poor therrtal resistance 
qualities, thus allowing heat to flow 
into the ground below. Hie l^pe of 
foundation used will detennine the loca- 
tion and l^pe of insulation required. 
The type and anount of insulation to use 
on various foundations will be explained 
in '*Bart D. Mhat Type and How Much 
Insulation to Use." Various types of 
foundations and their functions are 
discussed and illustrated here. 

(1) laOLMED PpBS AND POST P0OTIMG5 are 
the sin{>lest and usually the cheapest 
{Figure 6) . In cold climates, the 
exposed underside of the floor must be 
insulated. In ^arm cliinates, insulation 
provides ventilation and separaticm fcon 
ground noisture. 




In 



FIGURE 1. Enclosed basement. 



(3) SLAB arrangements are slitple and 
quick to' build (Figure 8). In cold 
clinBtes^ they trequire a deep layer of 
well-drained soil to act as sippcrt and 
insulation under the slab or vertically 
on the edge of frost \dalls. Slab founda- 
tions are best on flat sites and well- 
drained soils. 



FIGURE 6- Foundation on piers. 







FROST WALL 








INSULATION 


FIGURE 8, 


Slab foundations reduce 



energy loss through floors. 



(2) QOyCTPyOUS FXXTIMGS AMD POUM»TIOW 
WftlLS are the itpst expensive and bdtg>ri" 
cated (Figure 7) . They allow for a 
\4armer floor and can provide a basancnt 
for a heating systan, working space and 
storage, unheated areas require an 
Insulated floor above, heated areas, an 
insulated mil and slab perij:neter* 
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c. Roofs 

Boofs are either (1) fl at or (2) 

{!) ETAT ROOFS are useful for catching 
and retaining raiiiMater in arid animates, 
the sun's rays on solar panels or snow 
for added insulation in oold cliitates 
(Figure 9) . Ihe space may also be usable 
for decks or gardens. However^ flat 
roofs do not readily shed water. If you 
are not using it for one of the above 
reasoiis, do not consider one. 'Hie energy 
sacving is not sufficient. 




FIGURE 9. Applications of flat 
roofs . 



(2) PnCIff ROOFS irfiich shed water best 
are tannied low^itched or steep-^ibched 
(Figure 10) . Steep-pitched roofs are 
good for shedding snow and nay also 
enclose space as a diagonal \4all. 

In structures like A*fraines and 
doines, the surface forms both the roof 
and the lell (Figure 11). 




FIGURE 10. Tho pitch of your roof 
may be important to energy 
efficiency. 




FIGURE 11. A-frame and dome roofs 
must be well-insulated to conserve 
energy. 

(a) A lovfr-pitched roof (between 1:12 and 
6:12) will shed vater, and the lower 
pitches will retain snow for insulation. 
Hie inside area can provide additional 
^lace as a sloped ceiling. 
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.WEATHER 
SURFACE 

^STRUCTURAL 
SUPPORT 

AIR SPACE 
INSULATION 

VAPOR 
BARRIER 

INTERIOR 
SURFACE 



riGURE 12- Roof overhang can be 
advanta^^eous in savinr. enerp,y. 

(b) A steep-pitctea roof (6:12 to 12:12 
and above) Mil shed almost evarything. 
lhat*s the reason for the pitch- Since 
it requires more naterial to form the 
larger surface* it is nore expensive. 
These roofs can pcovide additional rooms 
or storage. Steep pitches (45^) are also 
good for placing solar collectors in 
northern cliitates* 

(3) BDOF OVERHftNG is a oottiton method of 
protecting windows and walls from suntier 
sun and allowing winter sun to enter. 
Overhands can also shield entrances 

(Figure 12). 

(4) roOF OOIiaR is also impOTtant. ASHRAE 
and HJD studies indicate that li^t- 
colored roofing naterial is best; hDwever, 
ceiling or roof insulation greatly 
affects the interior heating and cooling 
load. A dark-colored roof nay only 
sli^ttly reduce the heating load while 
eubstantially increasing the cooling 
load in southern cliiiates. 

d. Vfalls 

A well-designed will serve two 
major functionss (l) retain heat 
inside the building and prevent cold air 
outside fron entering; (2) prevent 
unwanted solar heat gain in siirmer* which 
would require energy to remove. Oonduc- 



sjjgwr^to support the 
lier building elatients. 



riGURE 13. Wall should be designed 
to retain heat in winter and to 
prevent solar heat ^ain in suimner. 

tion and infiltration through walls can 
be reduced by using insulation^ making 
walls airtight^ and iv minimizing the 
undesirable effects of wind and sun. 

Energy-ccafiserving walls will have 
these elenents (Figure 13) : 

- A weather surface— to shed water 
and protect the other wall elonents 
fron noisture and air infiltration. 

- Structural --^i 
vail and other 

- InsaLat ion~to prevent conduction 
of hiaafc" in either direction. 

* Air space— to provide vaitilation 
within wall elonents and serve as 
increased insulation. 

- A vapor barrier — to prevent 
noxsture fron entering the wall 
and to help prevent infiltration. 

- An interior surface — to pcovide a 
wearing surface for iBberior 
activities and son© insulation 
value. 

Additional information on insulation 
and other naterials will follow in 
Sections C and D. 
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Although windows and doors allow 
grea^ heat loss or gain than walls, 
they are necessary and can be inproved 
ty their locati<»i and ocmstnjcticm. 
Eight tines as much heat will pass 
through one unit area of window area 
as will p?ss throu^ one unit area of 
wall area (l^'igure 14) » assuming that 
the wall is insulated and the window 
has a storm window. 



H£AT THROUGH 
STORM WINOOW 

.-ft*-^ — 




8 1 RATIO 


H€AT THROUGH 
INSULATED WALL ^ 




_ 



FIGURE Glasf a poor insu- 

lator. 

Heat loss and gain throu^ windows 
and doors can be reduced by stom panels, 
vnitherstripfidng, double-glazing, 
vestibules, shading devices, and wise 
plaoenent. Ihe loss of heat throuv^ 
various window constructions will Tbe 
ooveraJ in Section G. 



(1) wnCOWS FOR SOIAR HBg GMN (Figure 

TST 

- The largest windows should fa ce 
the east*90Utfaeast^ as this is "the 
warmest exposure and causes the 
least heat loss. 

- aaall %dndows on the west or 
windows with shading devices will 
help to control the low-lying sun. 

- Either no windows or small protected 
windows on the northwest and n o rt h 
are best. 

- Properly designed southern and 
aoub^-westem windows have the 
ESt potoitial £Qr oonttolling 
solar heat gain both in cold and 
warm nonths. 



□ □ 0 



FIGURE 15. Windows can be designed 
to save energy* 

(2) WMXWS FOR MftTURAL VBITmCTION : 

- Plan window openings for cros s* 
ventilation. 



Windows can be planned to provide 
natural light, the benefit of solar 
heat^ natural ventilation^ and a view 
to the outdoors. All of these functions 
will reduce the need for and cost of 
energy for these operations (Figure 15) . 



- Air flow openings of the same size 
for inlets and outlets will 
provide good ventilation. Larger 
outlets provide faster air flow. 

- Desired air flow can be directed 

(a) a combination of openings, 
(b) lower wall plaoanent for better 
ax)ling, (c) using exterior 
features to deflect air flowi (d) 
window deflectors. 
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(3) WDPOWS FOR NKRJRAL LIGHTING AM) 

- Natural light is available on all 
exposures — the north being the 
easiest to oontrol. 

- Oontrol east and west exposures 
with vortical vdntiows. 

- Southam exposures offer the most 
light. Control of the sun angle is 
best aooarpl ished with horizontal 
windows placed high on the wall. 

- ftDOf mounted skylights offer good 
possibilities for lighting interior 
spaces. 

- WincSow size and placement can be 
used to provide light for specific 
areas and to frame specific views. 

f. Doors 

We can treat the beat loss through 
doors about the same as we do windows. 
Hie most oocicnon tnethod is to add a storm 
door. A better method is to form an air 
lock and cut down on drafts by adding a 
vestibule. When posslbXei dxrs should 
be placed on the south or southeast. If 
dxrs are in an pKposed location, over- 
hangsf baffles or plantings can protect 
against the wind. Doors can also provide 
a degree of light aw3 ventilation if 
properly chosen and placed. 

Even a 5.1 am (2 in) solid door with 
wood storm door has a heat loss 3.5 times 
greater than a typical wall. 

2. EFFECT OF GLIWVTE AND GH3GRAPHIC 
DOCATIOM 

In addition to the climatic regitxis 
^K>wn on the nap in Figure 2f a building 
has a microclinate of its own which 
affects the building's location and 
design. Local climtic conditions must 
be evaluated in conjunction with regional 
weather data to determine the type of 
design to use for a particular site. 



Weather characteristics and their 
relatim^iip to structural design are 
discussed as follows: 

a. Taipecatures. 

b. Sunlight or Solar Radiation. 

c. Precipitation and Huiddity. 

d. wind. 

a. Tqiperatures 

Terperature ranae is the najor 
factor which determines the amount 
of heating and cooling ^Aiich may be 
needed to maintain ocmfort (Figure 16) . 
The design, shape, and materials of a 
building change oonsiderably for tcnpera* 
ture extranes. A normally tolerable 
teiperature range is between 60 and 85^F 
(15 and SO^'C) . If the average faUs 
above or below this sonei heating or 
cooling is generally required . People, 
however^ beoome aocustoined To individual 
climates and tanperatures which means 
that tolerance levels vary slightly from 
one location to another. 

Buildings mast be designed to reduce 
the energy transfer through the building 
^hell. 



•18*C (0*f) OUTSfOE 




20*C (68*f» INSIDE 



riGURE 16. Temperature dirference 
is the major consumer of energy in 
buildings . 



Sunlight or Solar Radiaticgi 

Sunlight, or solar radiatiOT, inten- 
sity on a building or area is affected 
by shade trees, cloud oover, air pollution, 
latituJe, seasonal patterns and altitucte. 

Efficient use of the sun^s heat and 
light will require attention to shadii^ 
and window area of buildings (Figure 17), 
Ihe seasonal percentage and probability 
of sunshine will help to predict mcmthly 
heating loads and storage capacities 
needed for various heating systems, 
especially solar* 




' ';iy^ effective ir;e of the sm:\. 



c. precipitaticm and Hwidity 

The amount of precipitation in the 
£Qnn of rain, fog, snow, hail, and night 
noisture varies dranatically within the 
same geographical area. Vegetation, 
weter resources, sunlight, erosion, and 
flooding are all affected by the quantity 
and frequency of precipitation* 
Buildings may need to be placed above 
ground, without basenents or on higher 
ground to avoid surface vater* Bain 
storms and other forms of precipitation 
often provide a welcome cooling effect 
in many areas. 



Hunidity is usually associated with 
precipitation* Humidity is water mois- 
ture suspended in air and is measured as 
the percentage of the air saturated by 
water. At 100% relative humidity (RH) 
for a given teitp^ature, the air cannot 
hold additional moisture* 

Our oonfort is directly inf lu^iced 
by hunidity* Obld, dan^ air feels moch 
colder than cold, dry air; and hot, danf) 
air is stifling corpared to hot, dry air. 

When designing for hunid areas, it 
is good to allow for air circulation, 
oonsider dehonidifying, anc3 to be aware 
of possible mil condensation and m^ld 
growth* 

lack of himidity, or very dry air, 
causes excessive evaporatiOT of moisture, 
resulting in dry skin and other discom- 
fort, A comfortable relative hunidity 
range is between 20 and 60%. 

Humidity control is essential to an 
energy^fficient building (Figure 18). 
If the air is cool and dan^, more heat 
is required. If the air is hot anc3 
h&mid, more cooling is required* 




ture cool, heiiting load Lncroa**'^. 
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3. Smr ON (XtWENIHCE 



Air TDDticm in wint^ stonns or 
seaaonal witd causes heat loss in 
buUdinjs. Humidity an) ground noisture 
are also affected. HDweveCf wind can 
often be used to 90od advantage for 
ocnling and air exchsmge* Maxiimm 
building ooofbrt and energy efficiency 
nay call for opaiing to, or shielding 
fxattf the wind at various tiioes. fiy 
knowing the seasonal and daily wind 
patterns, you can plan the orientation 
ard shape of buildings, fences, earth 
fanns, and plantings to take best 
advantage of the forces of the wind 
(Figure 19). 




Vi'\?i' 19^ The designer can U:i*3 
prevdilinr winds to tin adv<^:^t.^r,e. 



Very little, if any, convenience is 
sacrificed when designing for efficiency. 
Staller heated or oooled areas may be 
desirable. But they nay be utilized 
without reducing convenience appreciably. 

4. EFFECT ON £MERGY 

The design of the house is the nost 
crucial elanent in saving energy. It is 
the designer who estijiates the heat loss 
and gain in a building and provides for 
the TiDst efficient and cost effective 
methods of constructicm. One of the main 
ODDcems is to incorporate the use of 
passive solar energy when practical. 

5. EFFECT ON COST BENEFTTS 

An energy-efficient building costs 
little iTore initially and, in nost cases, 
no nore in the long run. Energy is 
saved and in irost cases money is saved. 

The cost of heating and cooling a 
building corresponds to the amount of 
energy used. Therefore, you can expect 
to pay nore for energy in climate areas 
of extrane h^t or cold. 

You have already learned that the 

greater the different in terperatxire, 

the more energy is constined. 

Refer to "Part Two, Section P** for 
procedures on oonputing cost benefits. 



C. What Materials of Construction to Use 



Several factors require oonsideraticHi 
yt)en selecting appropriate itaterials to 
build a strucrture vdhich will nDt only be 
eiergy-efficicnt but also durable aiid 
attractive. 

Eacti oonstructicm mterial has its 
advantages and disadvantages. Some are 
good Sat only one specific use while 
others serve several functijCHis. ^tett^ial 
reguiranents also vary with interior or 
exterior use. 



Hie choice ox nat^ials to construct 
an energy-efficient building should be 
based on effectiveness against weather^ 
degree <^ insulation^ durability of tlie 
surface (both inside and out) , local 
availability, ease of cf>nstruction based 
on skill of labor avai3ablet attractive- 
ness and cost. 

In all buildinof;^ a oondbination of 
naterials will be needed to do the job. 
Table I will help you select building 
naterials. Itie quality and suitability 
for various purposes are included. 
Installation difficulty and cost are 
indicated as well. 



TRBt£ I. TNESGi-mnm OlARftCTERISria; BUIIDIHn WKTERIaLS 



C3onstnjction 


Insulation 


Infiltration 


(feat Storage 


riateilai 


Capacity 


Resistance 


Capacity 


ALtminiin 


Low 


High 


Low 


Asphalt 








shingles 


Low 


Itiqh 


Low 


Bride 




High 


High 


OOTcrete 


Low 


High 


lUgh 


Earth 


Mediin 


High 


High 


Glass 


Low 


High 


Low 


Gvpsun Board 


Mediiin 


fUgh 


Low 


Insulation 


High 


.^lediin 




Steel 


Low 


High 


Low 


Steele 


Low 


High 


High 


ViDod 


Medium 


Meditm 


Low 

1 
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D. What Type and How Much Insulation to Use 



Insulation is one of the most irrpor- 
tant considerations vrfien constructing or 
renovating a building. The anount of 
insudation you use and vihere it is placed 
affects not only your winter and suniner 
fuel and electric bills, but your oonfort 
as well. 

The function of insulation is to slow 
the transfer of heat from the warm side 
of a wall, ceiling or floor to the cold 
side. As you already know, some mterials 
resist the flow of heat better than 
others. Themal conductance (U) or rate 
of heat transfer can be measured. Those 
naterials which resist the flow of heat 
are called insiilators . Insiilation 
mterials are rated by R^-values {resis- 
tance to energy flow) . 

Insudation for buildings is made £X) 
that air is trapped in many small pockets 
in the mterials. The tiny fibers in 
fiberglass, for instance, create thou- 
sands of snail '*dead air spaces** in the 
naterial. Also, when plastic foam is 
applied as Insulation, thousands of tiny 
closed cells filled with noncxjnductive 
gases are formed. The novenent of heat 
through these mterials is slow because 
the trapped air spaces or closed cells 
are so small that the heat cannot easily 
move from the warm side to the cold side 
by convection. 

Insulators are usually ooirpared to 
each other by using the tern resistance . 
The higher the resistance or R-Value of 
a mterial, the better it insulates. 
The R-value of a mterial is specified 
for a certain thickness of that material. 
Adding the Revalues for each element of 
a wall/ for instance, will give us the 
total resistance to heat flow for that 
part of tte building. The higher the 
total resistance the better that part 
of a building will be in saving Kiergy 
both winter and sinHner. 



Both the builder and the homeowner 
have basically the sane materials to 
choose fron vftien selecting insulation. 
HDweveT/ sane mterials shoiild be 
installed by porofessionals. From this 
section, i'ou will be able to list 
factors to consider in the selection of 
building insulation . Ttiey are discussed 
under the following headings: 

1. Types of Insulation. 

2. Effect of ciinBte and Geographic 
location. 

3. Effect of Construction Methods. 

4. Effect of Insulation Quality. 

5. Effect on Energy use. 

6. Effect on Cost Benefits. 

1. TYPES OF IKSULATIDH 

Insulation comes in various foois and 
is made from several mterials. In 
addition to considering its insulating 
quality, we must know if it is fire 
resistant, and vermin and insect proof. 
Table II ooirpares several insiilation 
mterials. 

There are several features that are 
iitportant when considering the insulators 
that are ooctniercially available; cost, 
resistance fector per inch of thickness, 
fire rating and durability. Let us 
first look at the forms of insiilation 
that are available: 

Blankets . Blankets come in rolls, 
usually frt^ 41 to 61 on (16 to 24 in) 
wide, and are unwound and cut to fit in 
place between wall studs or ceiling and 
floor joists. 

Batts. Batts are similar in size to 
blankets but are precut to specified 
lengths. 

Boards . Boards are precut to standard 
sizes and are usually applied with a 
mastic as periJ^neter insulation around the 
foundation or over existing vgalls for 
renovation work. 
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TfiSlS II. GCra>ARISCNS OF INSUEATTON QUALtTIES 



Insulation 
Materials 


Fom 


Appcox.* 
IWalue 

Per Inch Fire 
Thickness Resistant 
SI US 


Vermin 
Proof 


Insect 
Proof 


*fc)isttare 
Resistant 


Other 
Problans 


Insulation 
SheatMm 


Board 


.35 


(2.0) 


No 






Uttle 




Vermiculite 
PerUte 


Loose-Fill 


37 

* *j f 
.47 


(2.1) 
(2.7) 


Yes 


Yes 


yes 


No 


SettliiKj. 


Fiterglctss 


Blanket 
Batt 

J-^A^O^ l_ ^ 


.45 

to 

.62 


(2.6 
to 
3.5) 


yes 


Yes 


yes 


No 


Skin irritant i*en 
handled; devrelcps 
f^^ir uiwi dfUit!) 


Bock Hbol 
(Mineral Wbol) 


Blanket 
Batt 

Loose-fill 


.53 

to 

.58 


(3.0 
to 
3.3) 


Yes 


yes 


Yes 




Skin irritant whai 
handled. 


Cellulose 


Loose^fill 


.65 


(3.7) 


When 
treated 


When 
treated 


When 
treated 


Sonev^t 




Polystyresne 
(styrofoam) 


Board 


.97 

,70 


(5.5) Blue 
(4.0)White 


No 


yes 


Yes 


yes 


Punctures easily. 


Urea- 

Pornialdeliyde 


Foam, 
Blown or 
Sprayed on 


,70 


(4.0) 


No 


Yes 


yes 


yes 


Soiie shrinkage — 
3 to 6%. 


Polyurethane 


Foam, 
Blown or 
Board 


1.14 


(6.5) 


No 


Yes 


yes 


Yes 





*R-^alues vary with manufacturers. 




(0 
CM 



29 



Loose-fill . Uiis type of insulation 
ocxnes as a loose granular neterial in 
bags and can be poured or blown into 
place between joists or b^iind v^alls. 

Blown Insulation . This is c 
pneuiatically blown type of insulatic^i 
\^ch is installed under pressure behind 
walls and between joists in ceilings and 
f lcx)rs professionals. 

Now, let's look at the qualities 
that the various connFiercial insulators 
have. They are discussed as follows: 

a. LooseH3ranxile, Minearal-Based 

The HDst ccmnDn of 'these are vermi^ 
culite and perlite, available as loose- 
fill insulation at noderate cost (Figure 
20) . The resistance is about SI 0.44 
<US 2.5) per inch of thicJcness^ ^heise 
naterials are fireproof and vail not 
detCTiorate front nDistmre, rot or insect 
pro blehis . Hbwever, settling can be a 
p^EIenT particularly when they are 
placed in a vertical position between 
wall studs. 




b. Fibgrglass 

Fiberglass is perhaps the nost comton 
of all insulators today; it is available 
in rolls* batts and loose-fill (Figure 
21), The resistance of fiberglass is 
SI .41 to .62 {US 2.6 to 3.5) per inch 
of thickness. It is fire and vermin 
proof t itod^te in oost and easy to~ 
install . The result is that the naterial 
is oonpressed a bit and loses seme of its 
insulation value. It is a skin irritant 
when handled. 




FIGURE 21. Fibergias.^ inr.uldtion 
cover is fireproof ^nd will not 
deter iorate. 



c. Mineral Fiber 

Rock or mineral fiber is much liJce 
fiberglass eMcept that the material is 
made hxm melted rock and slag instead 
of glass (Figure 22) . its oost and 
R-Value are nearly the same as fiberglass. 
LUce fiberglass^ mineral fiber can irrir:^ 
tate the skin ^ihen handled. 



FIGURE 20. Loo^^o-^^ranule , mineral- 
based inriulation Iz fireproof and 
will not deteriorate. 




and permcin+^nt , 

27 

30 



d . Insulation Sheathing 

Ihis is a natarial ocmtonly nade 
fron wood fibers and is usially applied 
on exterior ^galls as a backing far siding 
(Figure 23) . It comes in various thick- 
nesseSf usually between 1.3 and 2.S on 
(1/2 and 1 in). The resistance is about 
2 per inch of thickness, and thou^ it 
is water repellent, extended exposure to 
noisture will cause damage through mildev/ 
and rot. It is rot fire resistant. 





S5 



























FIGURE 23. Insulation sheathing is 
made from weed fibers and is subject 
to rot if exposed to moisture* 

e. CfeXlulcse Fiber 

If^ese fibers are often made fron 
recycled pe^r and when properly treated — 
are fire resistant (Figure 24). It 
does oDt irritate the skin. In its 
loose-fill version, cellulose has a 
fine consistency, pecmitting blour-in 
installaticn throiigh smll access holes. 
Jtist make sure that the label carries 
the brand name and treatment certifica* - 
tion of a r^natable ranufacturer. 

f . Plastic Insulation 

The most cainDn type of plastic 
insulation is polystyrene which cones 
either as a blue '*closed-cell** form board 
or as white granule boards with the 
granules heated and pressure treated so 
they adhere together (Figure 25) . The 
resistance per inch is about SI 0.97 
(5.5) tor the blue and SI 0.71 (US 4.0) 
for the white. Polyurethane, on the 




FIGURE 2u, Cellulose fiber is 
supposed to be treated by the 
manufacturer for fire and vermin 
resistance. 

other hand, oomes as a closed-cell foam 
board. In either case, its resistance 
value is about SI 1.14 (US 6.5) per inch. 
Polystyrene and polyurethane tend to be 
expensive. Althou^ both are good 
insulators and do rot attract noisture 
or vermin, there are extreme fire 
hazards invDlved> Both will bom very 
rapidly and give off toxic gases ; there- 
fore, they should neve r be installed 
vdiere they will be exposed. Th^ can be 
covered with viallboard, exterior siding, 
or other material as specified by local 
codes. Since it is moisture resistant, 
it can be xised below grade. It is often 
used around foundations and crawl ^>aces 
and has beai used as a base for providing 
extra insulation unc3er a poured concrete 
slab. 




riGUKL 2S. Polystyrene inGulation 
is good inr^ulation but it :3houlcl 
always bo covcr-^ci b"/ other building 
matorialji . 
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g. Ucea-R>nnaldehyde 

This is a noderately priceci, foamed- 
in-place insulation* It is chatdcally 
sta tJ.e^ iptiT'toxic , and vdll not attract 
npisture or insects . It is fire resistant. 
Itiis material shrirdcs between 1.8% and 
3.0% it sets, creating anall spaces 
between the studs. If the rest of the 
wall is tight, the shrinkage does not 
pres^ a problem. The resistance of 
this material is about SI 0.71 (tJS 4.0) 
per inch of thickness. It requires a 
Gonpetent installer to insure good 
results (Figure 26). 



JXyTEi Itiere has been sane problan vdth 
inproper installation with this loaterial. 
Be sure and check cut the success of your 
manufacturer b^ore using this material. 
If you do ijse it, follow directions 
^)ecifically. 

2. gTTCT OF CLIMmi flHD CBQGRftPHIC 
LOCmCN 




FORMALOEHYOE 



FIGURE 2S. Urea- formaldehyde is 
fire resistant and will not attract 
moisture or insects • 

than another. 'Darperature is acoonpanied 
by mDisture variations, wind and other 
elements. 



ALthou^ seasonal tarpexature varia* 

•tions are ocninon to all climatic regions 
of the Ukiited States, each area generally 
has more seasonal cold or warm wather 



Your choice of the l^pe and amount 
of insulation to use d^^ends cn climate, 
energy costs, insulation costs, and 
other factors such as building features. 



CEILINGS - R38 
WALLS - R19 
FLOORS - R22 



CEILINGS - R33 
WALLS - R 19 
FLOORS - R22 



CEIUNGS - R19 
WALLS - R11 
FLOORS- fill 




CEfl^lNGS - R26 
ALLS - R13 
FLOORS - Rll 



CEILINGS - R30 
WALLS - R19 
FLOORS - R19 



CEfl^lNGS- R26 
WAUS - R19 
FLOORS- R13 



FIGURE 27* This map shows minimum insulation recommendations for ceilings/ 
walls/floors in six (6) different insulating zones of the United States, The 
'■R- Value'" guidelines are for the economical amounts of insulation to have, 
considering climate, energy costs, insulation price, and other factors 
(Owens-Corning) . 



Mai^ insulation reoomnendations have 
been made by housing ag^cies, ooittrac* 
tors, and insulation nanufacturers* ^Rie 
map in Figure 27 shows miniimia insulation 
recoitinendatiOTs (RrValue) for six ijisula- 
ting zones of the tjnited states* 

ttore specific information can be had 
by finding the nunter of degree days for 
yDur area and referring to T&bie IV, or 
nake a survey of yDur building* 



3. gFECT CF O0M5TRUCTIOM METmODS 

YOU know that heating and oooling 
requirenents vary fnM. one region of 
the United States to the other* And, 
esTen though building materieds are quite 
similar throughout the country; oonstruo 
tion methods do vary from one climate to 
another. In the case of insulation, the 
tarperature variation in a given region 
or location is the basic reason for the 
construction method used* ^ need to 
realize that an ordinary wall without 
insulation is seldom sufficient to 
provide ccmfort in eitter warm or cold 
climates* Walls, ceilings^ and floors 
seldom provide enough resistance to heat 
transfer without some form of insulation. 
Therefore, the selection of insulation 
provides the opportunity to make a build- 
ing energy-saving and ocmfiortable* 
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1. THIN AIR FILM ON 
OUTSIDE WALL 

2. WOOD SIDING .14 ( 8) 
MATERIAL 

3. INSULATING SHEATHING 18 (1.0) 
^ INCH THICK 

4. AIR SPACE 18 (1.0) 
BETWEEN STUDS 

5. GYPSUM WALLBOARD 09 (.5) 
^ INCH THICK 

6. THIN AIR FILM ON INSlOe A2 (7) 
OF WALL 

VOTAL 075 (4.2) 



FIGURE 28. R-value for a wail 
section without inj^ulation. 

Older buildings present greater 
limitations can insulation selection 
than new structures. 



A typical building construction 
method is the use of a standard 5,1 x 
10.2 an (2 X 4 in} stud wall. Let's 
first look at such a wall without 
insulation. You can add the resistance 
(R) of each element of this wall to 
find the total resistance (Figure 28). 



Since we want a total resistance 
close to SI 3.5 (US 20) f we can see 
that an uninsulated wall provides only 
about 20% of the insulating quality we 
desire, 

Ntext, fill the 8,9 cm (3 1/2 in) air 
space between the studs with the different 
insulations discussed ealrlier. Replace 
the value of 1.0 with the RrValue of 8,9 
an (3 1/2 in) of each of several choices. 
See Table III for R-Values per inch, 
ttow, a standard 5,1 x 1Q.2 an (2 x 4 in) 
stud wall fUled with 8.9 on (3 1/2 in) 
of insulation has the following resist-- 
ances: 





SI 


US 


Vermiculite or Perlite 


2,1 


11.9 


Fiberglass 


2.4 


13.7 


Mineral wool 


2.4 


13.7 


Cellulose fiber 


2.7 


15.4 


Polystyrene (vAiite) 


3.0 


17.2 


Urea-formaldehyde 


3.1 


17.7 


Polyurethane 


4.6 


25.9 



lb bring your wall's insulation value 
i5> to an R 3,5 (20) for most of these 
insulators^ it would be necessary to add 
TOre insulation. To do that^ you would 
have to provide more ^ace. 

Two methods are used, 

a, 15.2 cm (6 ih) Stud Walls. 

b, 10.2 an (4 in) Stud Walls. 



TABUS in. HUCKNESS CF INSULATION H^XD FOR CERTAIN RrVPSJJES 









BAITS OR 








LOOSE FILL 




R-VALUE 




BUNKRCS 








(F0URH>-1H) 










Glass 


Rtx* 


Glass 


Rock 


Cellulosic 








• 


ftool 


Fiber 


^tool 


Fiber 


SI 


(US) 


CM 


(IN) 


CM (in) 


CM 


(IN) 


CM 


(IN) 


(M (IH) 


1.9 


(11) 


9-10 


(3.5-4) 


7.6 (3.0) 


13 


(5.0) 


10 


(4.0) 


7.6 (3.0) 


3.3 


(19) 


15-16 


(6-6.5) 


13 (5.25) 


20-23 


(8-9) 


15-18 


(6-7) 


13 (5.0) 


3.9 


(22) 


16 


(6.5) 


15 (6.0) 


25 


(10.0) 


18-20 


(7-8) 


15 (6.0) 


5.3 


(30) 


24-27 


(9.5-10.5) 


23 (9.0) 


33-36 


(13-14) 


25-28 


(10-U) 


23 (9.0) 


6.7 


(38) 


31-33 


(12-13) 


27 (10.5) 


43-46 


(17-18) 


33-36 


(13-14) 


25-28 (10-U) 



Table III can help you detentone 
the amount of sore of the mDro ocmnoi 
insalaticxis to use in order to obtain 
suggested H*^Values. 



a. 15.2 an (6 in) Stud wadls 

increase vail thickness by using 
5.1 X 15.2 an (2 X 6 in) vail stuis 
^ add wcfce insulation. 

Now, with an actual. 14 cm (5 1/2 in) 
for insulation, recalculate the total 
wall resistance for various insulators. 

Note! Sane local oodes do not allow 
this construction fOT dry wall* Check 
your code. 





SI 


US 


Vermiculite or pexlite 


3.0 


16.9 


Fiberglass 


3.5 


19.7 


Mineral wcol 


3.S 


19.7 


Cellulose fiber 


3.5 


22.4 


Polystyrene 


4.4 


25.2 


Urea-foonaldehyde 


4.9 


27.7 


Rolyurethane 


6.9 


38.9 



•n^os, with 5.1 X 15.2 an (2 x 6 in) 
stud walls, we have achieved an approxi- 
mate r-20 or better for nost of the 
insulations. Diis oDnstruction method 
would allow us several ctoioes of insula- 
tion based on aoet rather than on 
R-^lue. 



Using 5,1 x 15.2 an (2 x 6 in) stiiis 
on 61 an (24 in) centers rather than 
5.1 X 10.2 an (2 X 4 in) studs on 40.6 an 
(16 in) centers will increase our 
materials oDst only slightly. Because 
wood o^nducts heat so inuch faster than 
the insulations we've listedi the heat 
loss due only to the spread-out arrange- 
nent is reiSuoed by about 5%, The additional 
5.1 an (2 in) <^ space that the 5.1 x 15.2 
an (2 X 6 rji) provides for insulation 
reduces the heat loss to the point inhere 
the total saving is about 35%. 

10 .2 an (4 in) Stud Walls 

One inch of polystyrene (vihite) will 
ijicrease the total R-value by .07 (4). 

Where polystyrene is used for sheathing 
oDmer braces must be installed. 
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TAB[£ IV. GENERAL RBCXMeOKnCIG FOR SHEGX EEFlCmCt XN BESIDBCES {WD, 1978} 



Winter 


Heating 


Ceilings 

R 


^tells 


Floors Over 
Uiheated 
^»Mes 


Walls of 

neacea spaces 
R 


Layers of 
Glazing; 
Windows and 
uj^ss jJDors 


otonn Poor 
or 

inennaj. uoor 






SI 


US 


SI 


US 


SI 


US 


SI US 






0 - 1000 


Electricity 


3.3 


(19) 


1.9 


(11)^ 


7.9 


(11) 




1 


No 


Fossil Fusl 
or HBat Puip 


3.3 


(19) 


1.9 


(11)^ 








1 


No 


1001 - 2500 


E:.ectricity 


3.9 


(22) 


2.3 


(13)3 


2.3 


(13) 




2 


No 


or Heat Purp 


3.3 


(19) 


1.9 


(11)3 






— — 


1 


No 


2501 - 4500 


Electricity 


5.3 


(30) 


2.? 


(13)3 


3.3 


(19) 


1.2 (7) 


2 


Nb^ 


roSSlj. ru6X 

or Heat Pmp 


3.9 


(22) 


2.3 


(13)3 


2.3 


(13) 


1.2 (7) 


1 


Nb<= 


4501 - 7000 


Electricity 


5.3 


(30) 


2.3 


(13) 


3.3 


(19) 


1.2 (7) 




Yes 


Fossil tviel 
or Heat Pimp 


5.3 


(30) 


2.3 


(13) 


2.3 


(13) 


1.2 (7) 




Nb<= 


7001 or more 


Electricity 


7.0 


(38) 


2.3 


(13) 


3.3 


(19) 


1.2 (7) 




Yes 


Fossil Fuel 
or Heat Pmp 


5.3 


(3o; 


2.3 


(13) 


3.3 


(19) 


1.2 (7) 


2b 


Yes 



fRecarmended only vghen wall covering is refnoved and an adequate vapor barrier is installed. 

insulating frames should also be provided if r^laoefnent sashes are installed. 

^torm or themal door is reocmnended if the primary door is hoUowoore or over 25% glass. 



4. HFTOCT OF DCUIAria^ QUAUTy 

Qonstructim features of ceilings ^ 
\dedls and floors of a building suggest 
a particular fom of insulation to use. 
Some of the insulation qualities are 
nore important in one locatim than 
another. 

The chart listing "Types of Insula- 
tion^ indicated most of the qualities we 
<3esire in an insulatim material. 
Ihstallaticm methods often let us use 
high R-Value insulations evren thou^ 
they may not be totally fire or moisture 
resistant. In ordar to reach a suggested 
R-Value for a given section of a building^ 
the R-Value of an insulation beoames our 
major concern. With the resistance 



value known, we then select the anount 
of insulation to do a particular job. 

5. CTTECT OH ENHftSy USE 

Naturally^ the mmre insulation you 
use, the more energy you will save~ 
assuming it is installed pcoperly. 
There is no point in addiiig more than 
you need for cost effectivaiesst how- 
ewer. 

6. EFFECT OH gjST BENEFPrS 

Fbllow pnxsodures in ^'Rart tm. 
Section F** for confuting cost benefits. 
General reocmtendations are given in 
T^e IV. 



E. What Type of Vapor Barrier to Use 



Vapor barriers are an essential part 
of the insulation story. Insulation in 
a ceiling or floor must be protected 

ty a vapor barrier applied to the warm 
(heated) side of the insulation. Vttthout 
itt moisture from the house air will 
ent^ the instdation^ condense and cause 
serious dartage. 

Some insulation is sold with an 
attached vapor barrier. Others require 
a separate application. Here are seme 
common vapor barrier materials: 

1. Polyethylene Film. 

2. AluninuD Foil. 

3. Paints and Other Finishes. 

1. KSUfBrmnm Fjm 

Mhen uisulaticn vdthout a vapor 
barrier is installed between studs or 
rafters, polyethylene is placed (laid 
or st£^led) on the warm side {Figure 
29) . It is available in convenient 
rolls in thicknesses from .05 to .15 inn 
(2 to 6 mils) and in widths from 0.9 to 
6.1 m (3 to 20 ft). QDe tenth irni 
(4 mil) or thicker plastic is generally 
used for vapor barrier purposes. 




FIGURE 29- Polyethylene film is a 
gocKi vapor barrier* Us« thickness of 
• 5 to 1-5 mm (4 to 6 mils). 
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2. AUJKIN114 FOIL 



3. PAINIS AND OTHER FINISIES 



Aliminiin foil vapor barriers^ 
usuadly part of insulation rolls or 
boards^ are placed so that they are 
touBxd the vBxn, interior living space. 
Joints should be taped v*ith altminized 
tape to iteJte a tighter air and vapor 
seal. 

In the case of foil-backed gypsim 
boards the foil side is plKed against 
the vail studs or ceiling rafters ^^ch 
are insulated vlth a non-vapor barrier 
material. 



Various paints and other vater 
resistant finishes nay be used on intet> 
ior roan surfaces as a noiature barrier 
v4ien other methods are not feasible— 
such as ill older buildings interior 
\dalls and ceilings are not being replaced. 
Aliminun paint, rubber base paints, 
vamish and sncne urethane finishes secvB 
this purpose. 



F. iWhat Type and How Much Weatherstripping and Caulking to Use 



Weatherstripping and caultclng can 
have dramatic results in terns of both 
contfcrt and energy saving. These are 
tMo jobs that heme or building owners 
(or renters) can do themselves antS at 
little cost. 

Weatherstripping and caulking are 
perhaps the irost iirpjrtant jobs you can 
do to save energy in buildings. 

Weather strippingr is placed around 
windows and doors in such a way that they 
can close itore tightly than before, yet 
can still be opened, fifeatherstripping 
is usually applied with either nails or 
glue. Sometimes it is self-ddhesive, 
with a paper peel-off back. 

There are itany differoit kinds of 
-weatJierstripping on the inarket, irost of 

do an adequate job. YouVLll vtant 
to choose weatherstripping the basis 
of ease of applicaticm^ appearance and 
e>cpense. 



Caulkin g is used to fill cracks 
around the rranes of windows and doors. 
It can seal cracks under eaves (if not 
for ventilation) ^ around fla^iing^ 
between bricks and in baseccnt walls. 

The ideal caulking will adhere to 
both sides of the op^ung to be cloaeu 
and renain resilient to permit n o vane nt 
between the two materials without 
cracking. Usually the nore expensive 
caulkings 60 a better job of sealing and 
last longer. 

Fran this section^ you will be able 
to describe the types of weatterstriprinq 
and caulking and explain how they can be 
xised to make buildings more energy^fS^ 
cient . Ihis in£omaticn is pces^ite3 
under the following headings: 

1. Types of ^ileatherstripping and 
Caulking Available. 

2. Effect cMi Energy Use. 

3. Effect on Cost Benefits. 



^ AVMtABI£ 

Neatherstripping and caulking are 
described under the following headings: 

a . t4aatherstr ipE>ing . 

b. Caulking. 



a. 



Waatherstrippin^ 



Of the sevaral r^^pes of weather- 
stri{)pingt all are available to the 
oonsuner (T^e V) . Although different 
situations call for differait types of 
naterialt nost can be used for either 
dcx>rs or windows. 

Types of vieatherstri{f>ing include 
felt^f^icic stripe » metal strips » and 
wiifef flexible weatherstilppinig for 
garage doc^ 

There is transparent weatherstripping 
\ghich is pressed on to the outside of 
the windDv^ along the frame and trim. 
There is flexible^ putty-like naterial 
that is easy to apply and suitable for 
windows which are rarely, if ever, 
opened, such as in the attic or basement. 

Ftu: outdoor entrances, there are 
special strips of plastic that are 
attached to the bottom of each door 
itself. They're called threshold sweep 
strips. There are also metal thresholds 
vath gaslcet strips which are usually 
screwed into place. 

Sone weatherstripping dep^s upon 
the oocipression of a resilient material 
between one or t\-o moving surfaces; 
others depend isppn a mechanical inter- 
locking of two parts. Table V lists the 
types of weathers tripping and t-beir 
characteristics . 

b. Caulking 

Although the air leal:s around vdrtHo^Js 
and doors can be sealed with weather* 
stripping, other cracks can exist which 
allow the passage of heated or oooled air. 
Caulking is used to seal cradys between 
similar or dissimilar building materials. 



Cracks between two different nater^cals 
are called "noving joints" because the 
joint expands and contracts due to the 
fact that dif foreit materials expand and 
contract at different rates depending on 
changes in terperature, mDisture, or 
pressure. 

A niirber of small crad3 can add 19 
to a lot of leakage, which is energy 
lost, fbisture can enter and cause 
rotting. Insects and other p^^sts can 
also enter and cause problem^. Ihus, 
caulking is sometimes just as ijiportant 
as weatherstripping. 

Caulking oomes in several forms 
CTabLe VI) . The most popular is the 
cartridge due to its ease of application 
with a caulking gun. Caulk also comes 
in squeeaahle tubes as well as cans for 
application with a putty knife. Anoth?^ 
type is called rope caulk because it 
ocnsists of strands of caulk packaged in 
a roll. 

Bt^ing caulk in bulk is most economi- 
cal for industrial users or contractors. 
However, since shelf life is short, the 
homeowner should buy only the amount that 
will be used in one seasc^. 

Table ^/I lists the types of caulk and 
their various characteristics. 

2. EFFECT OH ENERGY USE 

A cracl; or crevice that allows air 
to pass reduces the ^fectiveness of 
your insulation. Weatherstripping and 
caulking will increase the efficiency 
of your building. 

3. EFFECT OK CX)ST BEMEFITS 

You can*t go wroirj on spending 
roney for ueatherstripping and caullung. 
You vdll save enough on energy bills to 
recover it. 
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TRBLE V. CHARftCIERISTICS OF DUFEEEMT T5fPES OP WEfiaHERSl'KIPPINS 



type of 

ffeatherstripping 


Mater ialAbm 


Advantages 


Prd^lems 


Cost 


Pressure-Sensitive, 
Adhesive-Backed 
Fom 


Polyurethane foam 
with vinyl cover in 
roll OR closed-cell 
vinyinfoam. 


Easy to install. 
Cushioning effect — ^noise 
reduc:ticn in closing. 
Good seal. 


Avoid painting — causes 
loss of resiliency. 
1-3 yr life — not durable. 
More effective on doors. 


Low to 
mediimi. 


Hetal S^ing 
Self -Sticking 


Bronze, oopper, 
stainless steel, 
or aluminum. 
V-shaped or single 
roll strip. 


Excellent seal. 
Very durable. 

Easy to install. 


Inquires patience for 
installation. 


Madimu 


Pelt or 
Self --Sticking 


Variety of widths 
and thicknesses in 
a roll. 


Easy to install. 
Various colors. 


Variable life— may stick 
to door finishes. 


Lew. 


Sferrated Metal 


Felt or vinyl-backed 
metal roll. 


Easy to install, 

. 




Madium. 


Tubular Gasket 
(rolled vinyl) 

FoaiiHFilled 
Tubular Gasket 


Flexible vinyl in 
tubular forni with 
or without metal 
bacMng. 


White or gray. 
Easy to install. 
Very good, durable 
seal. 


Cannot be painted or it 
will lose flexibility. 
Ejctra strength, holds 
sh^ie. 

Ejctra insulating value. 


High. 


Interlocking 
Hetal 


T^o interlocking 
pieces — strip. 


Ti^t seal. Best 
available for doors. 


Ditticult to install oue 
to aligiment and cutting. 
Maintensinoe requires 
straightening of bent 
pieces. 


Hign. 


Casenent Window 
Gasket 


Vinyl roll. 


Easy to install— slip 
on lip of window. 


Gray only. 


Medium. 
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laBLE V. CHRRflCTERlSTICS OF DIFFEE?ENr TVPES OF VEATHERSTRIPPING (OOWTINUED) 



Type of 
Weatherstripping 


mterial/Ebrm 


Mvantages 


Problems 


Cost 


Jalousie Gaskets 


Clear vinyl. 
U-shaped track. 


Easy to install-slip on. 




Medium. 


Door Sweeps 


vgbod and felt or 
wood and fioam or 
metal and vinyl 
strips. 


Ea^ to install. Effec- 
tive seal against drafts. 


Must clear carpet. 


Medium. 


Hurestiolds 


Vinyl insert in 
metal base strip 
OR two-piece 
interlocking strip. 


Generally best seal for 
exterior doors. 


Often requires removal 
of old threshold or 
cutting of door. 


High. 



00 
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•VPEtE VI. CHARACTEMSTKS OF DtFEEREKT TyPES OF CRUUONG 



Type of Caulk 


Advantages/Application 


Problems/Solutions 


Cbst 


Oil Base 


Mheres to most surfaces — prime 
porous surfaces. 


Not for use ctti noving joints. As 
oil dries out. caulk shrinks; 1 to 
7 year life— prolong life by 
painting after drying. 


Low 


latex Base 


Long life up to 10 years (sane a3ce 
guaranteed for 20 years) . Adheres 
well to most surfaces — priOTs or 
paint metal and porous surfaces. 
Dries quickly. Can be painted in 
15— 'lO ifdnutjes— aooeots tnreit' paints. 


Shrinks sane — apply a big bead of 
caulk and use it to fill only narrow 
cradcs. 


Mediim 


Butyl Rubber 


Should last up to 10 years if 

indoors or out. netal or masairy. 
Can be painted with any type of 
paint after curing for a week. 


Shrinks a little— apply a wide bead 


Medium 


Polyvinyl 
Acetate {PVA) 




Loses flexibili^ when it dries — 
use only for anall holes indoors. 


High 


Silicone Seal 


Excellent sealant— can last for at 
least 20 years. Mheres to just 
about any surface and shrinks very 
little. Ideal for moving joints*-* 
stretches up to 7 tiites its cured 
width. 


Usually cannot be painted — sane 
cone in various colors. 


High 


Nitril Rubber 


Long lasting — 15 to 20 years. 
E}ctremely good for higii noisture 
areas. Ai^res well to utetal, 
tnesoray and other unprimed surfaces. 
Can be painted after 10 to 20 minutes 
—painting is not necessary. 


Shrinks considerably-"do not use on 
moving joints or cracks over 1/8". 
Does not adhere well to painted 
materials. 


High 



TRBL£ VI. aaRfiCEERISnCS OP DUFEREMP TIPES CF OttMONG {GOMTIKUS)) 



Type of CauUc 


Advanta^s/Application 


PrDblema/Solutions 


Cbst 


Neoprene Rubber 


15 to 20 year li£e span. Especially 
good for use on concrete walls and 
founaaticns. Moderate shrinkage — 
can be used on noving joints less than 
1/4 inch. Accepts paint but not needed. 


Dries tack^free in about 1 hour but 
takes f ran 1 to 2 months to cure 
fully. Ordinary solvents are of no 
help in removing neoprene rubber — 
use either MEK or tolulene with 
caution. 


High 


Polysulfide 


Over 20-7ear life on iroving joints. 
Itioroughly shrink resistant. 


CAUnON: Toxic until cured— up to 3 
full days before tack-free. S^ial 
primer required on parous surfaces 
sudi as wood or masonry, itolulene 
and MEK will clean avray excess — 


High 


Hypalm 


Excellent caulk niade to last up to 
20 years. It can be used on moving 
joints. Will adhere to any surface. 
Easy to work with. 


Not in general distribution. Requires 
primijig before use on porous mterials 
— check label. 


High 


Polyurethane 


Can be used on moving joints. Will 
last up to 20 years. Will adhere to 
any surface, no priming needed. 
Easily applied. 


Requires 24 hours to beccite tack'-free 
and up to two weeks to cure. Wot in 
many retail outlets* Use paint thinner 
or acetone for cleanup. 


Low 


HDpe Caulk 


Can be used on wide gaps. Does not 
dry out. Does not shrink. Easily 
applied — seasonal use is possible 
on storm windws. 


Considered only a tetporary solution to 
air leaks. Cannot be painted. 


Low 



G. What Type of Windows to Use 



There are several types of vdnciows 
for both hones and oorinercial buildings. 
Hie type of vdndc^^ selected is a natter 
of owner/builder prefer^ce. The right 
windbw in th^ right place gives a heme 
natural light, fresh air, good looKs and 
oonveni^ioe. 

The major decision related to energy- 
saving, however, is the nunber of layers 
of glass to choose for a particular 
climate. There are choices between 
insulated glass or storm vandows and 
even justification for triple glazing in 
sone locations. Fixxn this sectioi, you 
will be able to list the factors for 
selecting types of windows for energy 
ei^ficiency . 

1. Types of Winda^. 

2. Effect of Clijtate. 

3. Effect of Insulating Quality. 

4. Effect on Energy Use. 

5. Effect on Cost Benefits. 



1. TypES OF WIMDOMS 

Builders have a cfaoioe of several 
types of windows. Window sash is inade 
prijiarily of wood or metal with sane 
plastics being used for weather ptotec- 
ticn. W& will discuss both the prime 
windows and storm windows. Ihe originad 
tor inside) windows in a hone are 
referred to as priine windows — the first 
windows. Storm winSows are secondary 
windows. 

The various types of prime windows 
used in houses and other arall buildings 
are shown in Figure 30. 




DOUBIE^UNG 




AWNING 





HORtZONTAl SLIDING 



CASEMENT 





HOPPER 



JALOUSIE 



FIGURE 30. Types of window£ 
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a. Double-Hung WLndows 



e. In-SwiJigiJiq (Hopper) Wuidcjws 



TSie conventional doubie-hung wiaStow 
usually has two sashes vihich operate 
vertically. They are found in nost 
hxnes and are adaptable to any ardtii- 
tecture. 

Double-hung windows usually have a 
separate wood or nietal-fraine storm 
window attached on the outside of the 
window casing. Metal-frame sbom windows 
are lighter in weight and easier to handle. 
They are often sold as ooirbination 
storm-screen units which allow for self- 
storing of the screen or second glass. 
Tlie higher heat conductivity of metal, 
hcMever, makes them about 20% less 
efficient than wood-frame units. 

b. Horizontal Sliding Windows 

The sashes in this type of window 
slide horizontally. Usually there are 
tvo movable saslies; socnetimes one is 
fixed. These windows may be equipped 
with insulating glass, a conventional 
storm window attached to the outside 
frame, or a storm panel that attaches 
directly to the window sash. 

c. Casenient Windows 

Casemer^t windows swing outward on 
hinges attached at the side. A storm 
window must be attached directly to the 
sash cr on the inside frame. If an 
inside storm is used, no ventilation is 
possibJe durinq the heating season. 

d. /affliinq Windcws 

Hinged at the top, they are manu- 
factured as a single unit or as several 
sashes stacked together in one frame. 
When open, the sashes project at an 
angle lUce awnings. Insid3 stonr. sash 
or storm panels must be used, with the 
same limitations as described for case- 
ment windows. 



These can be eitl)er bottom-hinged 
tt)pper windows or top^hinged windows such 
as those often used in basenients. They 
can be equipped with a stom sash on the 
outside or a storm panel attached to the 
prire vdndm:. Both out-swinging and 
in--s^^lnging windows offer adjustable 
ventilation. When used witli fiJ^d-sash, 
they provide air flow for picture Vfindows. 

f . Jalousie Windows 

A series of small horizontal glass 
<;lats make a jalousie window. They 
are held by an end frame^ pivot in unisex 
fli^e a Venetian blind and open outward. 
Jalouise windows are not satisfactory as 
prme windows for an area to be heated 
as they are very difficult to seal, even 
with the use of a storm panel on the 
inside. 

2. EFTECT OF CLIMfia^ 

Our elem^s of weather — sunshine, 
tenperature, wind, moisture-nnnust all be 
ccffisidered when selecting and placing 
winder. 

Since windows are a source of heat 
gain and loss, we will want to place 
windows on tlie south and southeast side 
to receive solar radiation for warming 
in the winter and to avoid cold winds 
fxom the north-northwest. 

Glass is a good conductor of heat; 
therefore, the greater the taiperature 
difference between the interior and 
exterior surfaces of the glass the 
greater the heat loss or gain . Extremes 
In tar^perature require tte use of 
insulating air spaces between two or more 
layers of glass to mate windows less 
oondxxrtive. 

The infiltration or air leakage 
around a window frame or sash is also 
affected by tentperature and moisture. 
Wood reacts to moisture variations by 
swelling or shrinking. The result is a 
crack or space around the window or frame 
for air to leak in or out. 
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ObndensatiCMi is another problem. 
The sourog of oondensaticn, or **a«atiJig*' 
cm windows is hunidity, or invisible 
water vapor in the air. A oold window 
surface allows the water vapor in the air 
to oondeitse rather than be absorbed. By 
' insulating** our windows through the use 
of starm windows or tlienno-layars, we 
increase the inside teifierature of the 
glass surface and reduoe oondensation. 
Hlinidity oontrol within the building is 
also an iiqportant factor. 

3 . CTTBCT OF IKSmATING QOALrTY 

In a well-insulated house with as 
little as 10% of the wall area in glass, 
as much as 25% of the total heat loss 
ray be through the glass. In the sunnier, 
glass adnits the radiant energy of the 
sun ^4iich is CGnverted into heat. Stcaan 
windows or niilti^pane windtys reduce the 
heat loss or gain by more than half 
(Figure 31) . Obey are discussed as 
follows: 

a. Storm Windows 

Storm wintSows are usually irore effi- 
cient and eooTiomical than insulating 
glass (factory sealed) for the following 
reasons: 



/ 



Slt4GtE GLASS 
R -VALUE 
.15 (88) 



INSULATING GLASS 
WITH AIR SPACE 
4.8mm (3/i6inJ 
BETWEEN 
TWO SHEETS 
R-VALUE 026(1.45) 





WINDOW WITH 
SEPARATE 
STORM SASK 
R VALUE 0.3(1.8) 



FIGURE 31. :^-Vdilues for window with 
Storm sash or double-insulated glass. 



- The storm vdndow provides a 
separate seal of the cradcs 
around the windov/> 

- Ihe air ^pace between the two 
layers of glass is greater, 
providijng wore insulation . 

* Using a storm window 6oes not 
require replacement of good 
p^ willed to obtain an 
insulating sash. 



b. MUlti-Pane Windows 

►lulti-pane windows are sometimes 
refenred to as insulated windows. They 
have txn or more panes of glass K'ith m 
a:x space bet^^reen. 
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Fbr additional insulation, add a 
stom window to a double pane glass or 
use triple glazing. 

Triple qlazijvg (insulating glass 
plus a separate storm sash, or notf 
fiactary^sealed triple unit) can often be 
justified in areas with 6,000 or nore 
seasonal degree days in houses that are 
also centrally oooled. They nay also be 
justified vAien using electric heating. 
Figure 32 illustrates the Rr^/alues for 
triole glazing. 



INSULATtNG GLASS 




STORM SASH 



0.4(2 15) 



FIGURE 32. R-Values for triple 
glazing. 

Triple glazing is also an effective 
barrier for noise and is sometimes used 
for this reason alone in houses near 
airports, for example. 

An increase in oonifort for roan 
occupants usually accor^aanies the use of 
storm windows or insulating glass. This 
fact is illustrated in Figure 33 which 
shows the dramatic increase in the inside 
taiperature of the surface vAien two or 
nore layers of glass are used. 



INSlOE SURFACE TEMPERATURES 
OF GLASS 



m 



-18'C (0*F) 
OUTDOORS 



SINGLE GLAZEO 
-8*C (17*F) 



-18'C (0*F) 
OUTDOORS 



00U8LE GLAZEO 
8'C (47'F) 



*18*C (0*F) 
OUTDOORS 



TRIPLE GLAZED 
14*C (S7'F) 



FIGURE 33. Inside temperatures of 
glass for single-glazed, double- 
glazed And triple-glazed windows. 

Hie problaA of moisture CGndensaticn 
can be aLrost eliminated with the use of 
insulating glass and stom windows and 
weep holes, the outdoor air is 22^C 

(0*FJ, noisture condensation will occur 
on the glass vdien the relative humidity 
inside tlie liouse is only 12%. With 
insulating gla*5S, oondensation will not 
occur until the relative humidity is 30%. 
itith insulating glass and a stccm 
window, oondensation will not occur until 
the relative humidity is 37%. 

4. EFFBCT ON EMERGy USE 

It has already been stated that windows 
can be the biggest cause of home energy 
loss. They may be costing a home or 
building owner up to a third of his 
heating and air-oonditioning expense. 
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Roorly designed, improperly installed 
and used, or old^ deteriorated windows 
can lose energy in two important i^ys. 
They are as folla-Ts: 

a. Bcoessive Bsat Conduction 

Glass is rot a good insulator 
agaiiist heat conduction. Heat will 
travel through a glass window pane 
quite easily (Figure 34). One square 
neter (foot) of single-pane glass 
conduct at least ten times as ntuch heat 
as one square Tneter (foot) of insulated 
wall. 

Just as an exanple, each ordinary .9 
X 1.5 m (3 ft by 5 ft) wir^aow can loose 
the equivalent of over a .5 liter (pint) 
of heating oil, or at6ut seven cents^ 
worth, every day. And we haven *t consid- 
ered the effect of lea'cage yet. 

b. Air liBakage (Infiltration) 

If our .9 by 1.5 m (3 ft by 5 ft) 
window has a cradc just 1.6 mn 
(1/16 in) wide all around its fram&c 
that crack adds up to 84 cr? (13 in^) 
— just like having a hole in your 
wall the size of a brick (Figure 35). 
If you have twelve windows like this 
in your hone, you've got the equivalent 
of a hole the size of 12 bricksl Hiis 
is tie reason that a large portion of 
heat loss from a house lb due to air 
leakage. Even the snallest cracks can 
add 

Air leakage and ocaiduction together 
can account for as much beat loss through 
a .9 by 1.5 an (3 ft by 5 ft) window as a 
hole in the wall the size of four bricks* 
l^ielve bad windows means you have the 
equivalent of a hole in your vrall the 
size of 48 bricks- That means you*re 
trying to heat and cool your home with a 
.5 by .9 m (1 1/2 ft by 3 ft) hole in 
the wall directly to the outside (Figure 
35) . Be careful about shutting off all 
air to cartoustiOT type furnaces. 




riGDRE 3ii. Gld:?:; is not a good 
insulator of boat, l^hon boat is 
lost ^ mon<^y i-. Ic^.^ . 




. !i. the wails ^ 
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Ttm amount of enerqy and mon^ your 
windows are losing depefids ^tirely upon 
the type and oondition of the windows and 
tiie location of your hcne* If your 
windows are in pretty qood shape — that 
means minor air-leakagei you will still 
be losing energy through oonduction* If 
your windows are old and loose-fitting # 
you have air leaJtage as well as oonduc- 



tlon problans* Hiis is pe*rticularly true 
if you have a fireplace with nn open 
flue* 

5* HFFBCT OM POST BEMEFHS 

Refer to Table IV for general 
recomenda tions * 



• 



H. What Type of Doors to Use 



a* HollCMKtore Doors 

Mc^ hollow-cort; dcors used today 
consist of a solid wood frame with a 
veneer of birch, or mahogany* Itiey 
are used nainly :Tor interior doors but 
scnetimes are us^jd as an exit door to 
an attached garage* 



Aside from beauty and durability, 
exterior dcors should be selected with 
their insulating quality in mind* 
Interior doors do not have this rerri^ire- 
nient* 

Fbctericr docars in ocrmon use for 
nost living spaces and connercial buildings 
are eitter of rooden or metal constmc- 
tion* Glass area varies in doors and 
can greatly affect the insulatincj value 
of a door* ^tetal frame doors with 
insulating glassi therno-barrierSf and 
good weatherseals can be as effective 
as stom doors* Fil)erglass doors are 
just beginning to enter the market* 

Frcn this section^ you will be able 
to describe the characteristics of doors 
under the following headings: 



b* Solid-Wbod Doors 

Solid-wood dOOTs are cairoonly itade 
from pine, oak, or maple* 



c* Steel-Cladf FoanK^enter Doors 




r/>st modcLm builders use steel-clad 
exterior doors for building entrances or 
exits (Figure 36)* These dooi^ have a 
urethane foam insulatinq core* 



1* Types of Doors* 

2* Effect of Climte* 

3* Effect of Insulating Quality* 

4* Effect on Energy Use* 

5* Effect on Cost Benefits* 



To function as a good thermal 
barrier, doors need qood weatherstripping 
anci thresholds* 

2* EFPHH' OF CLIMATE 



1* TyPES OF DOORS 

Doors, like windows, affect heat loss 
and gain by both oonductiai antS air 
infiltration* Once the air infiltration 
factor is solved with caulking and 
weatherstripping, the insulating value 
of the door hecones significant* Three 
main types of doors are used in light 
building construction* They are as 
follows: 
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Doors need protection from the 
elements of weather to do their job most 
efficiently* Doors can do very little, 
however, to add heat frcn radiation as 
do windows* Itieir main job is to keep 
the cold air out* Td r^rain in good 
oonditicai, doors should be protected by 
overhangs, vestibules or storm doors* 
Placement on sides other than the north 
exposure will protect against most winter 
staniis* LaftJscaping can provide shelter 
for entrances which would otherwise 
receive the .^ull force of wind ^jid snowi 






FIGURE 36, A steel -cl-ifS foam-center 
door has ^r^o^l in^/jl^.tiiw^ quality. 

3, EFFECT OF BJSUIATING QUALITy 

Doors have different insulating quali- 
ties. They are discussed as follows: 

a. Solid W3od Doors 

Wbod^ doors are usually solid core, 
or solid frame with panels. Solid-wood 
prime doors alone without storms would 
have R-^alues as shewn in Figure 37. 

Wbod frame doors with panels would 
have about 60% of the resistance values 
as a solid door. 

b. Steel-Clad, FoanK^ter Doors 

rietal doors are usually steet netal 
over a netal or wood frawe with an 
insulation core. Metal-clad doors with 
an insulating core would have Revalues 
as shown in Figure 38, 





SOLID WOODEN DOOR 
THICKNESS R-VALUE 



CM 



im) 



23 fl) 
6.1 (2J 



SI <US) 

.27 U36) 

.32 (1^2) 

.35 12,041 

.41 (2 J 3) 



wooden doors.: 




STEEL CLAD FOAM CENTER DOORS 



TittCKNESS 

cm im J 

6.1 i2» 



I?-VAIUE 
SI (U5J 



1.36 
192 



(10 941 



riGURE 38- R-Valuoc' for steel-clad» 
:oam-ct?r.tGr door'. < 

c. storm Doors 



The most effective st^ in reducing 
heat loss through doors is to install a 
storm door. A TOod storm door with about 
50% glass area can reduce the heat loss 
by 45 to 50%. A metal storm door, 
regardless of the percentage of glass, 
will reduce the heat loss by canly 30 to 
35%. 
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TYPE 
OF 

DOOR: 



SINGLE 

WOODEN 

DOOR 




...WITH WOOD 
STORM DOOR 
(50% GLASS) 



R-VALUE: .36(2 04) .54(3.07) 



...WITH METAL 
ORGLASS 
STORM DOOR 

.53(3.03) 




'ICURE 39, R-Valu-rS for different types of doors. 



The type of storm door that has a 
\^ood frame with about an 80% glass area, 
to better display a prime door, has an 
insulating value similar to that of a 
metal stom door. 

A ocrtparison of various door arrange- 
inents and their R-Values is shewn in 
Figure 39. 



4. EFFECT OM EMERGY USE 

The better insulated outside doors 
you have, the more energy you will save. 

5. EFFECT ON COST BEMEETTS 



It pays to have well-insulated out 
side doors- In e)ctrane climates, your 
money will be returned in savings on 
heating and cooling bills. Refer to 
Talile IV for general reoormendations. 





I. What Type Heating Equipment to Use 



Central heating systans are the meet 
ocnmDn method of heating in the United 
States. In i^termer areas of the oountry, 
rcon or zone heaters are sufficient and 
mare flexible. Our choioe c£ a heating 
system should depend an several oonsid- 
erations. These include both the heating 
and cooling required for the clinate, 
the i^pe and cost of fuel available and 
the efficiency and maintenance charac- 
teristics of the system. 

In this section, the dnaracteristics 
d the most ooninoii heating j^tems far 
new oc^tructicn and the ef ^ct on 
ener^ availabilit y will be nade. With 
the different system efficiencies to 
consider and increasing fuel costs, it 
is important that these factors be under* 
stood before new equipnent is purchased 
since heating and cooling systans 
represent the largest equipnent invest- 
ment in rtDst buildings. 

From this section, you will be able 
to coTpare types of heating systems and 
select the most efficient . 

1. Types of Hating Equipment, 

2. Effect of Type of Energy 
Available. 

3. Effect of Efficiency of the 
unit. 

4. Effect on Energy Use. 

5. Effect on Cost Benefits. 

1. TVPES OF HEATING EQUIPMENT 



a. Electric Resistance Systems 

Electric resistanse systems— either 
ceiling cable or baseboard type — ooawert 
electri c current to heat directly and 
distribute it primarily by radiation. 
Electric resistance ooils can also be 
\ised in a furnace to he;^**. air or water 
for distrihutim by ducts or radiators. 

Hie several types of electric 
resistance heating equipment available 
are (1) ceiling units, (2) baseboard 
units, (3) wall units, and (4) an 
electric furnace. 

(1) CEILING UNITS . Electric heating 
cable is usually "laid bade and forth on 
the ceiling surfaoe and oouered with 
plaster or a second lacyer of gypsum 
board (Figure 40) . There is a therao- 
Stat in each room. 




Four main types d heating systans I 

and three minor systens deserve our riGUFE 40, Ceilim^ ^avSz usin^^ 

attention. They are discussed as follows: electric cable for rer.istance and 

radiant he^tinp:. 



(2) BRSEBOftBD UNTIS . Basdboard heaters 
tate little space (Figure 41), They are 
oonveni^ to install and are Exyilar for 
nw additions. They s^ out heat by 
natural oonvecticHi or fans. Each unit 
has its own thernostat and requires very 
little naintenanoe* 



THERMAL CUTOFF 




FIGURE 41- Baseboard heater, 

(3) WIi IJajlTS , Ihe electric wall units 
are designed to be recessed or surface 
mounted and discharge warm air into a 
roan by means of a fan (Figure 42) , 




FIGURE Electric wall heater. 



(4) EIBCTKEC FUPMjtfE . An electric 
furnace is a very clean operating system 
since no fuel oorbustion takes place. 
Air is blown over heated resistance coils 
by a fan. Properly installed and 
insulated ducts vdll minimize heat loss, 
TJie operating costs are usually nuch 
hi^^ier than other available heatiiig 
systenis. Maintenance is siirple and 
consists priinarily of keeping it clean 
and changing air filters, 

b. Gas Furnaces 

Natural gas is the most popular source 
for hone heating in areas where gas is 
available (Figure 43). Natural gas bums 
cleaner than fuel oil and the furnaces 
usually have fewer operating difficulties. 
An/ problems typically involve the thermo- 
ooi:ple^ the pilots or sane aspect of the 
electrical hocrfop, Ttie natural gas 
furnace is less costly to bc^jand install 
than an oil furnace but fuel availability 
and cost may not be any greater advantage 
than oil in most locations. Gas can 
provide the heat source for either forced 
warn air or hot water systems. A chirmey 
flue is required. 



TO ROOMS 

AIR RETURN 




FIGURE 43. A gas-fireJ, air-circu- 
lating furnace. 



50 



c. Oil Furnaoes 

Oil-fired burners are used in many 
secticHis of the country as the basic 
heat source for a warm air heating 
systan. In an oil furnace^ a hi<fi)r 
pressure spxay oontanes with a blowBr 
to send a fine mist of oil into the 
CGntusticHi chater^ uhere the oil is 
ignited by an electric sparfc. Oil 
burners are generally reliable but must 
be maintained properly by a pn^essiofial 
on an annual or semi^^^annual basis. 

d* Heat Puqps 

Hie heat pirp is another f oon of 
electric heating. Recent iitprowemrots in 
units produced by the top manufacturers 
have made them as reliable as other 
heating systems. Ijni>rov€fiiafits in newer 
heat pitpG also allov them to be useful 
in colder climtes as igell as milder 
cLimtes. However, since it is usually 
both a heating and cooling system, the 
heat poip offers few advantages over 
conventional heating sysbsnis ui areas 
where air oonditioning during the spring 
and sutmer months is not necessary. 

Heat purp operation is based on the 
sane princi|:al as the acmnQn household 
refrigerator or air conditioner. Heat 
is transferred f ran one place or source 
at a fairly lew tenperature to another 
at a higher terperature. The most widely 
used heat punp is the so-called air-to- 
air unit. It absorbs heat fron one 
source of air and discharges it into 
another. 

Hie heat punp is both a heating and 
cooling device and v^ould r^lace both 
the furnace and central air conditioner 
in a typical hone. 

During the heating cycle , heat is 
absorbed fron the outside air even at 
temperatures as low as -9*C (15*F). 
Diis heat is purped into the house and 
the inside blcwer pushes air across it, 
retcving heat fron the ooil and heating 
tlie inside space (Figure 44) . 



HEAT PUMP 




WARMING CYCLE 



FIGURE u^, Principle of heat pump, 

IXiring the ax)ling cycle, when the 
house must be air oonoitlcnedt cold 
refrigerant is poiped into the inside 
heat exchanger ooil. A fan blows air 
fron the house across this ooil and heats 
^Jg the refrigerant. Because the r^rig- 
erant absorbs heat^ it cools off the air. 

Ihis refrigerant is a very volatile 
flui*^ and as it absorbs heat, it evapo- 
rate£> into a gas inside the ooil. Itiis 
hot gas flows out c£ the hcxise and into 
a oonpressor. The oonpressor, as its 
name iit{>lies, oanpresses this hot gas 
into a sif)er^heated liquid. Hie hot 
liquid then f lx>fs to the cxrtiside heat 
exchanger coil vdiere another fan blows 
air across it to rancpvre the heat fron 
the liquid and cool it off. 

The significance of the heat punp is 
its high operating efficiency. For every 
1000 joules (Btu) you purchase in the 
Sam of electricity to operate the heat 
punp, you are gaining between 2000 to 
3000 joules (2 and 3 Btu) &afn the outside 
air for nothing. The heat puip is not a 
new concept but it is just beginning to 
gain popularity in parts of the country. 



2. CTFBCT OF TiPB OF WOKS AVKHABIE 

The major f occe behind any energy 
conservation in the hone, school or 
business today is the increasing prioe 
of fuel and a oonoem over its availa- 
bility in the future. Price oantrols on 
natural gas have tept its cost belov 
other heating systerts. However, natural 
gas is increasingly scaroe and netf hoc^* 
ups are not available in many areas. 

Oil is also a popular form of hcme^ 
heating fuel* Due to cost of getting 
donestic sillies and iirported oil, 
prices are clii!i>ing steadily. 

Only a few homes vdll be able to 
count on sqpplies of wood for sJl or even 
port of their heating retjtiirenient. It 
will renain a conplenientary heat source 
even with the new staves on the market 
and iitfieEDvenents in fir^laoe efficiency* 
Ooal has diminished in use but will 
receive greater attention again, both for 
central power plants and hone usage. 

Electrici^ is the most available 
farm of energy but it is alrea<3^ expestsxve 
due to the fuel required for its genera- 
tion, trananission losses and growing 
demand, Ii nnx w anrnt in building ccnstruc- 
tion and insulation will contribute to a 
mre eoGncmical use of electricity for 
heating but at present other fuels are 
suggested. 

Let us look at each inaj<M: heating 
energy source more specifically: 

a. Oil (All Petrpleun-Based Distillate 

Facts about oil are as follows: 

- Most camion fuel in use. 

- Lc»ig-terni availability in question. 

- Cost increasing steadily. 

• Sip^^le to transport and store ^ 

• Ihemal efficiency of 40-6Q peroait . 
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- Initial cost hlcftx due to furnace 
construction ana storage tank* 

* Maxinua efficiency and safe operar 
tion depend t:pon continuous 
maintenance . 

- Irmroper burning gives off unpleasant 
pollutants, 3Ulfur*based oonpounds 
and particulate matter. 

b. Gas (All Utility Gas and UG, UG) 
Facts about gas are as folios: 

* Availability decreasing. 

- Cbsts increasing . 

- Transportation and storage is 
gjtplex . 

- Thermal efficiency good — 50-70 
perognt . 

- Relatively siiiple furnace and vent 
construction * 

- Safety precautions stringent fcr 
taidc storage* 

* Bums clean and produces few 
noxious by^^products* 

- SijTt)le operation, ad^rtable for 
futaire use vd,th hydrogen or 
methane-based systan. 

c. Ooal 

Facts about coal are as follows: 

- Reserves in America offer greatest 
ivailabllity . 

- Use will begin to increase again . 

- High heat content . 

- tequires substantial furnace and 
Hue construction and a oontrolled 
sujpply of ocnibustion air* 

- ttec|uires a carefully designed 
^stem and proper tximing to avoid 
00. 



- Gives off carbon and sulfur^based 
pollutants^ particulate natter ary3 
ash residue. 

* Best for large scale heating and 
production of electricity . 



d. Mbod 



Facts about wood are as follows; 

- Ol djest and sijtplest farm of ocganic 
matter for burning. 

- Carefully selected species have high 
t hermal efficiency» bom cleanly* 
Xeave a little ash and produce only 
minor particulate matter. 

- Harvesting is difficult and as 
expensive as oil when purchased. 



- May be useful to those in 
locations where it is plen 



specif 
itiful. 



ific 



- Present f ireplaoes and stoves are 
inefficient; howsver» nerf furnaces 
and stoves are about 50% efficient. 

- Inocnplete burning of weed causes 
ifepo&^ts of ocnfcfustible material 
in flues and stacks if not cleaned 
cut regulu^urly, 

- P ipes , stadc , and flues niist be 
carefully designed, built ar^ 
Tn aintained . 

- Fire hazard mst be of priite ooncem 
in design""aid i.ocaticn. 



e. Electrig^ty CCransmisaion Madium 
Rather Thm Energy Souroe) 

Facts about electricity are as 
follows: 

* Sources are hydgoelectric {water 
power), nuclear or fossil^fueled 
(ooal, gas, petroleun) generating 
stations. 

- Posts are modest to high » depending 
on locations. 

- All tveL sources have serious 
drawbacks at pacesenE 

- Overall efficiency is lw» 25-35% * 

- B auipnent and installation are very 
flexlhla and quite siitple . 

- assistant heating coils which 
deliver heat require protection 
and care in use . 

- lack of souroe reliability may 
iteke electricity very es{pensiTC * 
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3. CTFBCT OF EFnaBJCY OF THE UNTT 

Researchers at Oak Ridge Naticml 
laboratsory have calculated overall 
efflcleiKrles for the conmcm types of 
heating systems . Table VII ootpares 
heating systan efficiency with overall 
energy efficiency. 

You can see from the table just how 
much the efficiency of a heating system 
affects the total picture. Burning a 
petiDleum-based fuel in a furnace is 
nore efficient than using it to generate 
electricity. Electrical generation losses 
are over two-thirds of the input energy 
of the f^l used. Although the electric 
resistive heating ^stem is usually 
considered to be 100% efficient in its 
heat oonuersion, its overall efficiency 
is about half that of natural gas. Since 
the oOTsurer pays for the fuel cost of 
electiric generation, the cost of elec- 
tricity remains hi^ despite the high 
efficiency of the heating system itself. 

the heat porp during the heating 
cycle is most efficient at 7*" or 10*C 
(45* or 50<*F) but its efficiency drops as 
the tatperature drops. At lO^C (50*F) 
you might have a systen efficiency of 
300% while at -7*C (20*P) the efficiency 
may be 200%. Even at this ^ficiency, 
the heat punp is cheaper to operate than 
typical resistance heating. Resistance 
heating can be used as a back-\:{> for a 
heat pUT|> when the taTf)erature drops 
below -9*C (15*P). 

Since electricity prices range from 
as little as 3* bo 8<: or more per }cwh, 
operating costs are a major factor in 
the selection of electric systems versus 
gas or oil. 



7ABL£ VII. OQHPARISONS OF HEKTINS 



Heating System Overall 
systen Efficiency Energy Efficiency 



Electric 


100% 


28.1% 








- Fuel delivery 


95% 






- Electric 








gaieration 


32.5% 






- Electric 








transndss Icn 


91% 






- CJonw^ion 








to heat 


100% 


Gas 


60% 


55.2% 








- Delivery 


92% 






- Pumaoe 


60% 


Oil 


55% 


50% 








- Delivery 


91% 






- Pumaoe 


55% 


Heat 


200%* 


56% 





CDenperate Zones) 

- Delivery, 

generation, 

transmission 

of 

electricity 28.1% 

- Conversion 

to heat 200% 



^Heat paxp efficiency varies with outdoor 
tenperature. 
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T3iBI£ VIII. SOME OCMPARISCNS CP ENEBffl USES IN HOME HEATIMG 
(BIUJCN JOU[£S» MimCN B^} PER YEAR) 



(OAK RIDGC MAnCMAL LABCRATOSV) 



Electric^'" Cas° 

City Heat Bocletance " m Furnace 40% Rimace 

Pirp Hesistance Efficiency Efficiency 



Atlanta^ Gk 


3/ 




1 1 o 


nil a\ 


03 




y / 




BDSton^ MA 
Cheyenne^ Wi 


144 


(137.0) 


268 


(253.9) 


145 


(137.8) 


218 


(206.7) 


214 


(203.5) 


337 


(319.4) 


183 


(173.4) 


274 


(260.0) 


Ctiicago^ XL 


192 


(182.5) 


318 


(300.1) 


172 


(162.8) 


258 


(244.2) 


Dallas^ TX 
Kamsas City^ K) 


43 


(40.3) 


91 


(86.3) 


49 


(46.8) 


74 


(70.2) 


124 


(117.1) 


225 


(213.3) 


122 


(115.8) 


183 


(173.7) 


Khoxville, IN 


82 


(77.5) 


104 


(155.0) 


88 


(83.8) 


133 


(125.7) 


252 


(239.1) 


378 


(357.8) 


205 


(194.0) 


307 


(291.0) 


Kiiladelphia» PA 


120 


(113.7) 


230 


(218.4) 


125 


(118.5) 


179 


(177.8) 


Phoenix^ AZ 


20 


(19.1) 


46 


(43.3) 


14 


(23.5) 


37 


(35. 3) 


San Diego, CA 


9 


(8.8) 


24 


(22.8) 


13 


(12.4) 


20 


(18.6) 


Seattle, W?V 
tteshington. DC 


105 


(99.5) 


236 


(223.0) 


128 


(121.0) 


192 


(181.5) 


98 


(92.6) 


195 


(185.0) 


106 


(100.4) 


159 


(150.6) 



^10,479 Btu/kMhr utility ooaiversion efficiency. 

^^10% transmission and distritoutian losses (Oak Ridge National laboratory) • 



4. EIFBCT CM EMERgy USE 

Ociifiarisons of ^lergy used by 
different souroes are given in Tables 
VIII and IX. 



5. WFECr OM OOOT BBJEFITS 

CciTf>arisons Cft costs for hone heating 
with different methods is given in Table 
X. 



55 



fEABLE IX. REIAnVE miESGi tSS W HOC HEKTING EV DIFFEREKT MStHCDG (NBS) 



City 


Beat 
Punp 


Heating 


Natural 
Gasa 


RKl 

Oilb 


OcMhr) 








L 




Atlanta. GA 


4,640 


9,700 


1,543 


55 1 


1,605 


424 


Boston- m 


11-770 


21,810 


3,472 


124.0 


3,607 


953 


17,480 


27,430 


4,368 


156.0 


4,538 


1,199 


ChicagOf IL 


15,670 


25,770 


4.102 


146 5 


4,262 


1.126 


Dallas ^ TX 


3.460 


7*410 


1-179 


42 1 


1.226 


324 


Kansas Citv, MD 


10,050 


18.320 


2,918 


104.2 


3,028 


800 


Khoocvillef ON 


6,660 


13,310 


2,120 


75.7 


2,199 


581 


Minneapolis, 


20,530 


30,730 


4,889 


174.6 


5,079 


1,342 


Riil^lelFhia, PA 


9,760 


18,760 


2,988 


106.7 


3,104 


820 


Phoenix, AZ 


1,640 


3,720 


594 


21.2 


617 


163 


San DiegOf CA 


760 


1,960 


314 


11.2 


326 


86 


Seattle, 
tfashington, DC 


8,550 


19,150 


3,049 


108.9 


3,168 


837 


7,960 


15,890 


2,528 


90.3 


2,627 


694 



337 HJ/ia3 (1000 Bti^ftS) 
b38 HJ/L (138,000 Btu/gal) 
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TADLE X. QIERSr COST FOR HOME HEATING^ 





Heat 


Resis' 






Atlanta 
Bostcn 
Qieyenne 
Chicago 


71.73 
381.12 
288.49 
240.71 


139.87 
703.57' 
452.73 
395.84 


61.25 
284.64 

91.98 
196.00 


127.10 
285.85 
359.54 
337.75 


Dallas 
Kansas City 
Khoxville 
Minneapolis 
Philadelphia 


36.69 
100.53 

78.39 
340.17 
231.76 


79.17 
183.21 
156.61 
510.53 
378.23 


35.18 
75.58 
86.68 
218.02 
183.58 


97.07 
240.13 
174.38 
402.51 
245.84 


Rioenix 
San Diego 
Seattle 
Ifashington 


23.46 
18.28 
61.57 
189.86 


53.04 
47.19 
155.55 
361.31 


24.41 
14.05 
158.76 
136.06 


48.77 
25.71 
251.02 
208.23 



^Inczeniental cost over and above basic 
electric bill and cost of vater heating* 

^0% system efficiency* 

^55% systefn ef ficieiKry (Oak Ridge National 
Ubcnratory)* 



J. What Type of Air Conditioning Equipment to Use if Needed 



with the high heat and huiddity that 
may be acperienoed in wany parts of tlie 
IMted States in the sutmer^ air cooling 
or oonditioning has beoGme as inp^rtant 
as vdnter heating to may people* 

Even though the erphasis should be on 
conservation^ it wuld be ijipos&ible to 
elindnate the use of air conditioning in 
many areas* Many locations require 
cooling to prmide comfortable working 
ooqfditions* At home^ cooling of hot-* 
hucdd air enables people to sleep better 
and it can mean reduced stress on persons 
vath heart ailments and other medical 
problans* Air oonditioning is often used 
to prevent deterioration of scne clothing^ 



various leathergoods and tools* Research 
laboratories and various nonuf acturing 
processes require air conditioning* ihe 
aiphasis then is on how to use an air 
aonditioner more efficiently* 

Fran this section* you will be able 
to list t-hp factors need ed in selecfcinQ 

rtf^nH^H^jr^ ftgnilEUm^- 'Hie £Dlu>/ing 
topics are included here; 

1* Types of Air ConditiOTiing 

Bquipnent* 
2* Effect of Climate* 
3* Effect of Efficiency of the 

Unit* 

4* Effect on Energy Use. 
5* Effect on Cost Benefits* 



1. TYPES <g AIR CI3MDITI0M1MG BBpaPir a. FDroed*Rir ENamaoe Systgu 



Hie typioal air oonditioniJig systan 
is aanposed of four separate devices 
Vfhxch make up the oonplete unit. - A gas 
called a refrigerant is oonprassed in the 
oonpressat' . Acting li3oe a giant tire 
puJpf the"bonpcessor causes the gas to 
leave tinder hi^ pressure and at a fairly 
high tofierature. This hot gas is then 
oooled in a heat-transfer device called 
a oondenser^ vihich looks likB an auto- 
mobile radiator. As it cools in the 
oondenser, the refrigerant gas changes 
to a liquid \4ille still at high pressure. 
Hie liquid thai passes to an e mansion 
valyg f which permits the liquia to e3<pand 
into an evaporator or coolingr coil. The 
expansion process oools the csoil and it 
can now pick \jp heat from air that is 
moved across it. In doing so, the 
refrigerant gas is warmed and thai 
recycli^ in the oonf^essor. The entire 
refrigerant is tic /tly sealed. Hie usual 
residential cooling unit has the 
oonpmessor and oondtenser located out- 
doors and the eaqpansion valve and evapor- 
ator indoors. Figure 45 shc^ the air 
conditioner ocnpcnents. 



CONDENSER 



CKHMIfffD 
TO OUtSlK 




EVAPOftATOH COlU 



. COMDITKMED 

E hm 



OUTSIDE 



FIGURE licw a typical air 

conditioner ©[^erato?. 



A foroed-air fumaoe sysfaan used for 
both winter heating and simmt~ xoling 
will have the evaporator located abcwe 
the furnace casing (Figure 46) . As the 
furnace blower moves varm-roan air over 
the coil, it is cooled and noisture 
oondenses out on the coil, ihe cooled 
air then returns throu^Kiut the house 
through the sane ducts and registers 
used to deliver heat. Mien a heating 
systan is planned to accept a cooling 
system as well, the blower and ducts 
need to be larger to acooiftDdate the 
greater air flow reg^iirenent of swmer 
cooling as opposed to winter heating. 
The delivery of heat to a room is usually 
throu^ i:egisters located at or near the 
floor since heat rises. a ccnbined 
heating/cooling systan, the registers way 
need to be farther vp the walls if 
oooling is a major ocncem since cool air 
settles. 



RETURN AIR 
TO FURNACE 



CHIMNEY 

AIR DUCT 



REGISTER 




AIR 

CONDITIONER 
COMPRESSOR 



EVAPORATOR 



riGURE 46. rorced-dir furnace and 
Air conditioninf, system cornbination. 



Air oonditiciiers can be installed as 
part of a central heating systan, a 
separate omtral conditioning unit or 
as individual loan units. They are 
discussed as follows: 
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b. Separate Air Distribution sygtqn 



d. Heat Puips 



A separate air distribution systan 
needs to be installed for cooling v4)en 
hot mter or steapi hBating is used. 
Often an attic will provide the necessary 
space for the systan and the duct wxk 
^iiidt can connect to ceiling registers. 
In this case, a drain line for the 
moisture condensation from the ei'aporator 
leading to the outside is necessary to 
avoid moisture damage to the ceiling. 
Heavily insulated duct work and an 
adequate attic ventilation system are 
also required for roaxiimti efficiency. 

c. Individual Room Oinits 

Air oonditioners for individual roans 
contain all four parts of the occpressor" 
condenser systaa in a fairly snail package 
vhich is installed either in a vrijidow or 
through a wall section (Figure 47) . Since 
these units are in the room they are 
noisier than central units. Hiey have 
the advantage of providing cooling vtien 
only limited area oDollng is required, 
such as a bednxm for sleeping comfort. 
People who rent apartments find them 
convenient vihen the building as a vtole 
is not cooled. 

Check the rff iciency rating of your 
unit. Ttiere is a wide variation in 
operating efficiencies of units. 



EXHAUST AND 
VENTILATION 




FIGURE u7, Ir^divicuuL roor air 
ccaditioner';. 



Heat piiips, as we indicated, can 
provide both a winter heating system and 
a sumier cooling system (Figure 48) . 
Ibe operation of the heat punp is like 
a reversible r^rigeration cycle and was 
illustrated and discussed in Part 1 of 
the heating section. The initial oc^ 
of a heat paT(> is higher than a convene 
tional heating systein but is ccnparable 
to a heating system plus central air 
conditioning. 




FIGURE 46- Heat pump cooling cycles. 



2. CTFECT OF gjMME 

Variations in climate cause the 
tarperature fluctuations which require 
heating and cooling by artificial neans 
to create confortable living and working 
environments. ItMever, in sonie regions 
cooling to some degree can be aoocm- 
plished without elaborate equipnent* 

One method of cooling vrfiich can be 
effectively used in hot-^dry desert areas 
takes advantage of the fact that vihen 
water is evaporated, heat is removed 
from the air. A sinple evaporative 
cooling unit housing a continually 
moistened pad or filter and a fan will 
draw the dry air through the pad, cool 
and huuidify it. It is possible to cool 
32*C {90*F) air at 10 percent relative 
huuixJity to a canfortable 21'-27*C 
(70*-80*F) and provide a relative htwidity 
of about 40 percent. Remariber, this 
works well in dry areas such as the south- 
west and is not for humid areas. Hie 
purpose of air conditioning is not 
limited to cooling air but involves 
controlling honidity and even cleaning 
or filtering it to seme extent. 



On a national basis, vfe use about 
eleven times vtore energy for heating 
than for air conditioniJig . However, on 
a regiorai basis nany parts of the country 
nust rely on air conditioning to a mjdi 
larger degree while others consider doing 
without it. Climate determines the type 
and anount of air cCHiditiomjig required 
or desired. Seme exanples are given by 
region. 

The effect of climate on air 
conditioning is discussed as follows: 

a. Cold Climates 

In oold climates an air omditioning 
system uould not be required except for 
2 to 4 weeks of very warn siinter weather. 
A central air omUtioner would be 
effective but usually not necessary. 
Reliance on qood roan units to allow 
comfortable sleeping may be sufficient. 
Also, a good attic fan and open lower 
floor windows can neve the -7* to -lO'C 
(20* to 30'F) cooler night air into the 
house in the evening (Fiugre 49) . Hiey 
may be thermostatically oonttolled. A 
well ixisulatad, closed and shaded house 
will retain the cooler air for mudi of 
the next day. Heat purps are seldom 
used in oold climates where cooling 
requirements are low due to the higher 
cost of the units. 




tor coolir.^: "■ , '.- -r- . 



b. Tgtperate Climates 

In te nperate climates ^ laiger ram 
or hot periods may warrant a central air 
cowiitiomng system. However, some of 
the methods suggested above ^dll work 
v^ll for buildings protected from direct 
solar €9Cpo5ure. Heat purps can be 
eooncmical because of their nore 
continued use far either heating or 
cooling and where the average tenpera- 
ture is in the -I'^C (30^*?) range or 
higher. 

c. Hot-rftrid ClijtBtes 

Hot-arid climates generally require 
several months of air conditioning along 
with humidity control. Central air 
conditioning systems are cocmion as well 
as the use of individual room units In 
offices and aparbnents. Heat piirps are 
more efficient at these higher tenpera- 
tures and useful because space heating 
is still needed for parts of eadi day 
over several months. 

d. Hot-Hunid Climates 

HDt"humid climates also require 
fairly constant air oonditiooing for 
several months. Moisture imjst be 
ranoved fron living and workiT*g r^paoen. 
Again, heat piirps will proviiie efficient 
beating and cooling in tiiese areas-. 

3. EFFECT OF EFFICIHMCy OF TOE UNIT 

Cooling equipment capacity, just 
like heating systems, is expressed in 
tenns of Btu per hour. In air condi- 
ticning or refrigeration 12,000 Btu/hr 
is equivalent to a 908 kg (1 ton) 
cooling cap^iby. Hiis i sans that a 
unit with a 12,000 Btu rating has the 
cooling effect of 908 log (1 ton) of ice 
melting. Tonnage ratings are not too 
useful but sinple specification conver- 
sion is possible. Also, horsepcPwp.r 
ratings are not useful because units 
with the same horsepcjwer can have very 
different cooling capacity. 



60 



A Btu rating is wost meaningful 
since it refers to the amount of heat a 
given system can ranove in a one hour 
period. Room units range in capacity 
from about 5,000 Btu/hr to 35,000 Btu/hr 
with the 12,000 BtnA^ size being most 
occmDn. Central cooling systens range 
fron 12,000 Btu/hr and up with the 
ocranon resi<3ential size around a 30,000 
Btu/hr capacity. 

Usually it takes about 18 Btu/hr to 
cool one square foot. Since an 
18,000"Btu unit can cool about 93 
(1,000 ft^) of space, a roou unit will 
usually be araller and most central 
systems will be larger. 

After determining an approximate 
size, the iiiportant consideration is 
efficiency. Air conditioners vary 
considerably in efficiency. Uie 
efficiency rating of a \3nit is called 
its EER or Energy Efficiency Ratio . To 
find the EER of ary \Jnit, divide its 
oooling c^)acity Btu rating by its 
electrical input wattage; 

Btu Rating Energy Efficiency 
Vlattage ' " .Ratio (EER) 

The higher the EER, the more efficient 
the equipnent. You are saving money when 
you use less power (wattage) to acocnt- 
plish a given oooling effect. For 
exanple, a 12,000 Btu air conditioner 
which uses 2,000 watts would have an EER 
of 6.0 vrfiile another 12,000 Btu air 
conditioner vMch uses 1, 200 watts will 
have an EER of 10.0. Efficiency of air 
conditioners can range fran less than 
5.0 ro over 12.0 Btu of oooling per-watt- 
hour of electricity consuned (Btai/tvatt-hr) . 



Hie total kilowatt hours you would pay 
for over a oooling season could add up 
to quite a difference between air 
conditioners with the same Btu ratings. 
You should not purchase an air condi- 
tioner with less than 8 EER. 

Installation and operating tips for 
maintaining efficient service from air 
conditioning equipment are included in 
the sections to follow. 

4. EFFECT ON ENERGY USE 

In the residential sector, air condi- 
tioning ranks third as a major energy- 
oonsuning function, behind space heating 
and water heating. In the canmercial 
sector, air oonditiaiing is second only 
to space heating. TJie average annual 
growth rate for residential air condi- 
tioning (primarily rocm units) is about 
15 to 20% vMle oortmercial increases are 
in the 10 to 12% range. Air conditioning 
contributes heavily to the annual peak 
load that occurs in the sunnertime for 
many utility systens. 

The use of optimum amounts of insula- 
tion in hones can reduce both the space 
heating requirements the energy us<=d 
for air conditioning. Reductions in 
electricity oonsunption for air condi- 
tioning in gas heated homes may be as 
high as 25% and in the all-electric homes 
as much as 18% vdien oonpared with hoiises 
insulated to FHA Miniitun Prcperty 
Standards. 

5. EFFECT gj COST BENEFITS 

Cost is proportional to energy use. 
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K. What Type of Ventilation to Use 



VSentTlation is the mcwement or 
exchange of fresh air to achieve proper 
tetperature and confort levels. Venti- 
lation for ^)ecif ic living spaces is 
necessary for the rarcrval of ocSors and 
stale air. Ventilation of an attic or 
other areas of a building is also 
necessary to avoid moisture or heat 
build-tp which can result in structural 
damage and Increased ^lergy costs. 

lb help you gain an ui iderstajiding 
of the iitportanoe: of ventilation and 
the selection of ventilation systems^ 
the following topics will be included: 

1. Types of Vaitilatiai. 

2. Effect of Clinate. 

3. Effect of Effidaicy. 

4. Effect on Energy Use. 

5. Effect on Cost Benefits. 

1. TVPES OF VEWmAnON 

The two basic l^pes of ventilation 
systons are natural or static ventila- 
tion and pc wBT ventilation, ttindcw 
openings are a cxnmon method of using 
natural wind pressure and thermal effect 
to move fresh air into buildings and hot 
or stale air out- Static ventilation 
systems are a oonitcn way to provide air 
changes in attics. Power vaitilators 
which operate electrically are often 
necessary in conjunction with static 
systems to achieve the desired results. 

They are discussed as follows: 

a> Attic Ventilation 

Attic ventilation is fcy static or 
powered ventilation systems. They are 
as follows: 



(1) STOTIC AmC VHamATORS. Static 
ventilators for attics usually consist 
of openings with grills, screws or 
louvered slats vMdi allow air to flow 
into an attic under the eaves and out 
of the roof or gable-ends. The factors 
to consider when setecting ventilators 
for attic areas are as follows: 

- Ite ratio of ^nt area to floor 
area . 

- Hie placgnent of vaits to fxally 
iJrtAlize the wind pressure and the 
thermal effect of the building 
location. 

- The plaoeraent of vents so elements 
of weather carniot penetrate the 
attic. 

Hie suggested ratio of vent area to 
floor area is about 1 n ft^J of net 
free venting to 150-250 m^ (150-250 ft^) 
of floor area. Hiis ratio should 
increase as cooling degree days increase 
(Table XI) . 



TAB(LE XI. VENT AREA IN SQUARE INCHES 
RBCXJIRED FOR MTIC FLOOR MEASUREMENTS 



Length 
(ft) 


Width (ft) 


20 


30 


40 


50 


20 


192 


288 


384 


480 


30 


288 


432 


605 


720 


40 


384 


576 


805 


960 


50 


480 


720 


1008 


1200 


60 


576 


864 


1210 


1440 


70 


672 


1008 


1411 


1580 
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Vftien placing vents, wind pressure is 
a most inportant factor* Wind pressure 
against one side of a building or roof 
creates negative pressure areas on the 
other sides in patterns that drav air 
out of the building (Figure 50) * 

Nb one l^pe of vent will work well 
alone for the various problenis of 
natural ventilation* Itiey are: 

- Wind pressure . 

- Tbetnal effect * 

- Radiation heat* 

- Wind direction . 

- Wfeather oonditicMis* 

OontxLnations of vents provide for 
mote oon|)lete air flow in attic ^>aoes* 
Sore oaitoinations are better than others* 




LOW PRESSURE 
AREA 

WIND DIRECTION 

- 

1 



I 
I 



f 
t 

<>■; 



\ 4 



15' 15* 
t OUTSIDE WIND DIRECTION 
^ l^$IDE AIR FLOW 

[2 f ecative pressure area 



FIGURE 56. Winti creates low 
pressure areas around buildings 
that cause air flow. 




The thernal effect of hot air rising 
sugfgests that high vents allow over* 
heated air to escsape while low vents 
provide cooler replaoeinent air^ 1K> allow 
the net free area to be effective 
regardless of wind direction, vents are 
placed as "continuously** as possible* 

The various l^pes of static attic 
vents and useful ocubinations are 
described as follows: 

(a) Roof Louvers (Figure 51)* Usually 
several of these done units are mounted 
near the ridge of the roof* itiey are 
made fran aluninun, plastic, steel or 
mod* Aluminun is the least e^ODensive* 
Screa:is or slits are used to ke^ ait 
insects. 




FIGURE SI. Roof louver for static 
fittic ventilation. 

(b) TUrbiJie Wheel (Figure 52)* This 
roof louver tarns wi\b the wind to more 
effectively refoove attic edr. TUribines 
are not frequently chosen due to the 
possibility of weather penetration* 




riGURE 52. Turbine wheel for ^^t.^tic 
attic ventilation. 
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FIGURE 53. Gable-end louver for 
static attic ventilation. 



(c) Gefcle-End louyers (Figure 53) . 
Available either in triangular or 
retangular shapes, the/ are inounted in 
or near the top point of the end gables. 
Air flow varies with the direction of 
the wind and used alone they^ axe 
only sonewhat effective, ifeather 
penetxatiOT can be a prcblOT if severe. 
*!t)e illustrations show the shapes, 
plaoonertt and wind effects. 




FIGURE 54, Ridge vents for static 
attic ventilat Ln-^n ^ 




FIGURE 55. Soffit vents for static 
attic ventilation. 



(d) Ridge Vients (Figure 54). This is a 
oontinuQUS opening along the full laigth 
of the roof ridge, tiet free area is 
figured at 381 an? (18 in^) p©r lineal 
foot. In conjunction with vents under 
the eaves, it provides unifann continuous 
air flew under the roof surfaces. 

(e) Soffit Vents (Figure SS). These 
vents offer effective air circulation 

no matter \ihat the direction of the wind. 
Tliey provide only partial ventilation 
unless 0Qni>ined with roof louvers or 
ridge vents. 




FIGURE 56. Air fJow pattern with 
roof louvers and soffit vents. 

(f ) Poof Louvers and Soffit Vents (Figure 
56). You will need to balance the air 
flow with a roof louver and soffit vent 
systan. 
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FIGURE 57. Good air flow patterns 
with gable-end louvers and soffit 
vents . 

Gable-Byi Louvers with Soffit Vetits 
(Figure 577; Oahl^^-^esnd louver and 
soffit-^vent systen dnas not aiter air 
flow patterns of eadi unit. 

(h) Ridge Vents and Soffit Vents (Figure 
58) . Tm cc3ntinuoiis riA;e and soffit 
vOTt oortdnation provicfes the nost 
efficient system, rrakinq the most of the 
ttermal effect, wind pressure and 
direction. 

Given the attic floor measureinent, 
TatHo XI v/ill help you to estimate the 
net f ree'-vent area in square inches 
required. A ratio of 1 to 150 is 
considered good; a ratio of 1 to 300 is 
considered an absolute Pdnirmm. 

(2) fOHER ATTIC VFI^piAmS . Po^er 
ventilators run cn electricity Si3 
provide effective ventilation with fewer 
venting holes. Often they are used when 
no natural ventilating system has been 
installed. A po^^ ventilator can be 
ocmttolled b^' a thermostat or a tmidi* 
Stat to shut off vrfien the tenperature is 
reduced to a desired level. ^Ihe oorbina- 
tion of static vents under the eaves 
wicn pcwar vents on the rear slope of 
the roof ne^ the tciJ (or in the gable 
ends) can provide a very effective venti* 
lation systOT. 




FIGURE 58. Air flow pattern -^ith 
continuous ridge vents and soffit vents. 



An estimate of the power vents is 
based cm achieving at least 10 oonplete 
air cdianges per hour. Table XII can be 
used to det^mue the required CPH 
(cubic feet per minute) rating of a 
power ventilataor for a given attic. 
Home Ventilating Institute (HVI) stan* 
dards reoomnend a mininam of 0.21 m^/nxixi 
per m2 {0.7 CEM per ft^) of attic floor 
space, phjs 15% for dark roofs. 



TABUB XII. KEXXrmceD BATING CF A 
POWER VEKEIUGX3R FOR AFTIC 



Length 
(ft) 


Width (ft) 


20 


30 


40 


50 


20 


280 


420 


550 


700 


30 


420 


630 


840 


1050 


40 


560 


840 


1120 


1400 


50 


700 


1050 


1400 


1750 


60 


840 


1250 


1560 


2100 


70 


980 


1470 


1950 


2450 



b. other Ventilators 

Other areas of a house besijdes the 
attic require ventilation. Baseiaent 
crawl spaces undemeatli floors can be a 
na^or source of moisture. Ventilators 
should be installed in the foundation 
of Tnasonry. Basenentless crawl spaces 
should have net free area of 1/150 of 
the ground area except viihen the gromd 
surface is oovered with a v^por barrier. 
If a vapor barrier is used, the ratio 
can be reduced to 1/1500. Ofie same 
previous FH^ ciiart can be used to deter^ 
ndne the net free area rerruirement. 

Another souroe of npisture ocnes 
frcm inside a heme or buildinqZ oEten 
noLsture i^ch vtorks its wa/ into and 
through walls causes blisters and 
peeliiig of ejcterioi paint. Paint 
breather vents or miniature circular 
louvered vents are used to oorrect this 
problem, lliis method for allowing the 
walls to "breathe" can also help insula- 
tion retain its insulating value and 
preserve the wall elanents fran 
deterioration. 

In the laundry, a dryer vent to the 
outside and perh^s the use of an 
exhaust fan near the washer wLll ranove 
exoess hunidity. Kitchen ventilation 
systems use either an over-tne-stove 
hood unit or wall-bunted fan to ranove 
odors and moisture frcm the area. 

2. EFFECT or CLIMftTE 

Itiere are two basic climatic condi- 
tions that ^st in every hone, suttrer 
heat and winter moisture . Ventilation 
oJJars an effective means of oonecting 
the problems caused these two condi- 
tions. They are discussed as follows: 

a. Surrmer Heat 

Sumner heat often buiLSs in attic 
spaces to 57"C (135*F), or even 66°C 
{150*F) , Vfhexi the sun beats down on the 
roof {Figure 59) . Hiis si^jerheated air 
soon penetrates even insulated ceilings 
into the living area below^ Proper 
ventilation will greatly increase oonfort 
and substantially reduce air coaiditioning 
costs. 




FIGURi; 59. Suimner heat builds up 
rapidly in an unvented attic. 



b. Winter Moisture 

w^ni-At; ipjgfiTw is caused by the use 
of various household ^:plxanoes, such 
as dishwashers, dryers and hunidifiers. 
Daily vse of the shower and tub, and 
cooking vapors all contribute to 
excessive noisture within your heme. 
Vflien moisture-laden air ftan the living 
area rises to the attic, problGms will 
result. %is condsised moisture can 
soak insulatitm, inpairing its effi- 
ciency. It can stain or crtirble ceilings 
and blister exterior paint. Froz^ and 
thawed, it can damage roof shingles. 
Die HDst effective way to refnove excess 
winter moisture is by proper ventilation. 

3. EFFECT CF EFFICIBICy 

M^bch the EER ratings on your power 
ventilation. T!hsre is a vast difference 
in electric motor and fan efficiencies. 

4. CTTDCT ON aCRSy USE 

Energy used in a well designed 
ventilation system is efficient. 

5. EFFECT OH OOgT BmCTTTS 

'Ihe oost cf installing and operating 
a well designed and efficient vmtilating 
system carries a quick return. 
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L What Type of Ughting to Use 



Home lighting cxsnsimes 3% to 5% of 
the electricity used b/ a family* 
Excessive lighting or ineffective 
limiting is rKrt difficult to spot* 
Lighting can be ret3uced and still pro- 
vide visual comfort as well as save 
energy* Hie energy saving itay seem 
small, howefver; lifting produces much 
nore heat than light antS can contri- 
bute to higher cooling costs when 
cooling systans are in operation* 

Hie first factor in selecting a 
lighting system is effectiveness* 
Efficiafvcy is next* From this section, 
you will be able to ooni>are lighting 
methods and select the Host effiLcient 
yes* They are discussed under the 
following headings: 

1* lypes of Lifting* 
2* Effect an Energy Use* 
3* Effect on Cost Benefits* 

l l* TYPES OF LiqfntIG 

Ttiere are two types of li^ts, 
natural and artificial* Th^ are 
discussed as follows: 

a* Natural Lighting 

Ttesce are also two types of natural 
l ift i ng which can be used to iinprove 
our \dsual ccmfort in a heme or business* 
Hiese are windws and skylights* 

(1) WDlDOWB f properly placed in close 
relationship to task areas and with 
careful consideration d heat loss and 
gain, will reduce artificial lighting 
needs* 

(2) SK!gJ(3trS^ or "windows to the sky," 
often can provide natural li^t where 
windows in walls are not possible* 
Itiese can provide vaitilation and 
moisture removal as well as view* 



b* Artificial Lighting 

There are three types of artificial 
lighting* Th^ are incandescent bulbs , 
fluorescent tubes and high intensity 
discharge (HID) bulbs * 

Th^ are discussed as follows: 

( 1) INCaNDESCEtir BUIBS have been on the 
• artet for over 80 years* Th^ now ocine 
in inside-frost, inside-^^rfiite and clear* 
niere are many shapes and sia^ avail- 
able* Th^ are the most popular for 
heme use but also the most expensive to 
operate* Vtie use of three-way bulbs 
and diinner switches can contribute a 
savings* 

(2) FLUORESCED TUBES will provide four 
times as iruch li^t as incandescent 
bulbs of the same wattage* Therefore, a 
25^watt flxjorescent light is equal in 
light value to a 100-watt incandescent 
bulb* Cooler operation is another 
advantage c£ fluorescent tubes over 
incandescent bulbs* Ttiey cane in 
straight *30 to 1*2 m (1 to 4 ft) tubes, 
circular tubes car U-shaped tubes* Life 
expectancy is often 10 to 20 times that 
of the incandescent bulb (Figure 60)* 

Hie quality c£ light fran fluores- 
cent lighting has been peculiar in its 
effect on the appearance and oolca: 
objects and people* New oolor-oor- 
rected bones o£ white will help this 
probleni* Until now^ it was not possible 
to switch bulbs from one type to 
another without changing the whole 
fixture* A new fluorescent light is 
available v^ch fits incandescent 
fixtures- 



INCANDESCENT FtOURESCENT 



HIGH-INTENSITY 
DISCHARGE (HID) 




A 
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LIGHT COMPARISONS FOR SAME ENERGY USAGE 



['IGURE 60* Incdndcscent bulbs are least efficient of the lighting sources, 



(3) HIGH imBiSm piSCHABGE (HID) BtmBS 
are used to direct hi^ intensity light 
on a small area. Wie HID bulb prwides 
two to five times the light of an 
incandescent bulb of the same wattage 
and can last fixtn 10 to 30 times longerp 
They ocme in colors and tones similar to 
iJXandescent buUbSp To date, they are 
more often used in buildings other than 
hones. Table XIII inciicates the reccm- 
mended amount of light in lunens for 
several specific visual tasks. 

2. EFFECT ON ENERGY USE 

An automatic reduction in bulb 
wattage or replacement of larger wattage 
bulbs with a number of smaller wattage 
bulbs is not the answer to energy oonser-^ 
vation in lighting. 

Bulb brightness is measured in 
lunens . Larger wattage bulbs are 
generally more efficient and produce 
mare luirens per watt of power than 
smaller bulbs. Effectiveness of 
lighting, or the ability of the lighting 
system to help us see better, is not 
the most iitportant criterion for a 
lighting system. 

Excessive lighting means more light 
than is renuired for a particular task. 
Selecting the right amount of light for 
each task area will eliminate exoes^s ard 
save enercfv. 



A ocnparison of energy oonsirption, 
bulb life and available light for incaxi- 
descGnt bulbs ar)d fluorescent tubes is 
given in Table XT'. 

3. EFFTCT OW OOST BEIIEFITS 

Ttie benefits of purchasing one type 
or size of bulb over the other is illus- 
trated in Table XV where standard iiican- 
descent bulbs are oarpared with lc«ig-life 
incandescent bulbs on the factors of size 
in watts , luEt^is of light and txxLb life . 

Long-life bulbs furnish only about 
80 peroQit of the light of standard bulls. 
Hie trade-off is between amount of light 
and bulb-life. Longer lasting bulbs are 
usually placed in hard-to-get-at places 
such as in stairwslls. 
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TRBLE XIII. LIGHT REX3M1EMDHD FOR SPECIFIC 
TASKS (ANSI, Standard fca: 
Industrial Lighting, ALH-1965 
m 1970)] 



,^)ecif ic Visual Tsmk 



Lunens 



Reading and writing, handwriting, 

indistinct print, or poor copies 70 
Books, nagazines, newspapers 
Music scores, advanced 70 
Music scores, siitple 30 
Studying at desk 70 

Recreation: 

Playing cards, billiards 30 
Table tennis 20 

Groaning: Shaving, 
coitfcing hair, applying makeip 50 

Kitchen work; 
At sink 70 
At range 50 
At work counters 50 

laundering jobs; 
At washer 50 
At ironing board 50 
At ironer 50 

Sewing; 
Dark fabrics (fine detail, 
low contrast) 200 
Prolonged periods (light to 
madiun fabrics) 100 
Occasional {light-colored 
fabrics) 50 
Occasional {coarse tlirsad, 
large stitched, high contrast 
of thread to fabric) 30 

Ilandicraft: 
Close work (readi^ig diagrains 
and blueprints, fine finishing) 100 
Cabinet making, planing, 
sanding, glueing 50 
Pleasuring, sawing, assefhbling, 
repairing 50 

Any area involving a visual task 30 

For safety in passage areas 10 

Areas used mostly. for relaxation, 
recreation and conversation 10 



TABI£ XrV. EMERGE COMPARISON FOR 
It4a^£SCENr BULBS m) 
FLUORESCENT TUBES 

Incan^ Deluxe 
descent Fluorescent Fluorescent 
Bulb TUbe Advantages 

Watts 75 30 (44 total 31-wtatt (or 
input Yatts) 41 percent) 
energy 
savings 



Bulb 


750 


15,000 iTours Lasts 14,240 


life 


hrs. 




hours more 








(or 20 tines 








longer) 


Light 


1180 


1530 


lumens 350 more 


ernitted 


lunens 




lumens, or 








30 percent 








more light 


TABLE XV. 


LUMEN OUTPUTS OF STRNEtfWD AND 




liCNG-LIFE INCANDESCEin' BUIfiS 








Bulb Life Imeins/ 




V^tts 


Lumens (hrs) watts 


Standard 


100 


1740 


750 17.4 


bulbs 


75 


1180 


750 15.7 


Lang- 


100 


1690 


1150 16.9 


life 


100 


1490 


2500 14.9 


bulbs 


100 


1470 


3000 34.7 




92 


1490 


2500 16.2 




90 


1290 


3500 14.3 
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M. What Type of Water Heater to Use 



In most hones, water heaters are 
second only to heating systems in energy 
oonsunption. Hot water oonsurrption for 
a family of four is about L 
(75 gallons) per day, requiring 68 L 
(180 gallons) of oil or 6,000 kvgh of 
electricity to do the heating per year. 
Ihe cost for water heatinq would be 
about $100 per year for oil or gas arid 
over $200 per year for electricity. 

A water heater consists of a source 
of heat, a storage tank and a thermostat 
control. The most oomnon types are 
electric, gas and oil. Hot water may 
also be supplied by a coil in a hot 
water furnace or partially through solar 
thermal ooJJLectors which are entering 
the market^ 

There is little difference in the 
purchase price between water heater 
\inits. Fran your study of this section, 
you will be able to discuss the follotfina 
factors and to select the irost efficient 
system . ?9hen purchasing and installinq 
a new water heater, the following factors 
should be considered: 

1. Sizes of liJater Heaters. 

2. Types of Water Heaters. 

3. Water Terperature Requirements. 

4. Corpatibility with Alternate 
Systans. 

5. Effect on Cost Benefits. 

1' SIZES OF 'WATER HEATERS 

Table XVI is helpful in selecting 
the size of water heater for a family. 



TABLE XVI. SIX3GESTED WATER HEATER SIZING 
GUIDE (GAUJON STORACi: CAPACnY) 



House ^^ecification No. in Family 





1 


2 


3 


4 


5 


6 


One Bath 


40 


40 


46 


40 


50 


50 


One bath with 














dishwasher 


40 


40 


40 


40 


50 


50 


One bath with 














clocnes wasner 


A n 

40 


40 


An 
40 


A n 

40 


50 


50 


One bath with 














clothes washer & 














dishwasher 


40 


40 


40 


40 


50 


50 


Iwo Baths 


40 


40 


40 


40 


50 


50 


TVo baths with 














dishwasher 


40 


40 


40 


40 


50 


50 


IVjd baths with 














clothes washer 


40 


A n 


40 


40 


50 


50 


Two baths with 














clotlies washer & 


















A(\ 
**U 


JU 




JU 


ou 


Three Baths 


40 


40 


40 


40 


50 


50 


Three baths with 














dishwasher 


40 


40 


40 


40 


50 


50 


rhree baths with 














clothes washer 


40 


40 


50 


50 


50 


60 


Three baths with 














clothes washeiT & 














dishwasher 


40 


40 


50 


60 


60 


80 


clothes wasner ^ 
dishwasher 


40 


40 


50 


60 


60 


80 



2. TYPES OF WATER HEATERS 

Select a water heater for which you 
have good information on its ocMistruc- 
tion, installation, use and maintenance 
(Figure 61). Quality insulaticm and 
ease of terperature control are two main 
items to check before buying. Ctotain a 
guarantee and a service contract when 
possible. 
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ELECTRtC- GAS 

WATER HEATER WATER HEATER 



riGVPL £i, Ty: ical witer heater 
construct ion < 

3. WiWR TEMPERATURE REjQUIRaianS 

Hie higher tetperature setting is 
usually iJi the 76**82*C (168**180*F) 
range and is not neoessary for most 
househDld tasks. A middle range of 
60*-71*C (140*-160*F) is even too hot 
for all but perh^DS dishwashing. A 
lower 49*-60*C (120*-140*F) setting is 
satisfactory for most situations, but 
will even need tenpering with oold water 
to be ocmfortable for baths and showers. 
The addition of a snail hot v^ter heater 
near a dishwasher may be the solution to 
obtaining a higher teiperature SG^C 
(150*F) for a anall task. 



4. OOtlPATlBILITy mTH ALTERIjATE SYSTOE 

Solar thermal systems and gas 
systems using methane or hydrogen as 
alternatives to traditicMial hocrfcqps are 
coming on the narket. Otiese may have 
some influence on your choice of a new 
v^ter heatiiig system. 

5. EFFECT (M OOOT BEIJEFITS 

Si^K^e electric water heaters gener* 
ally cost myre to operate, you should 
oonpare overall efficiency of electric 
heaters with gas heaters. Electric rates 
vary from 2* to per kWh across the 
country. Availability of gas also varies 
considerably. Insulate your water 
heater. Turn the thermostat down. 
Consider adding a solar unit. 

Vfeter conservation is a matter of 
conscious use and the selection of water- 
saving equipment. Many oomnonities are 
becoming very active in water conserva- 
tion and are amending plundDing codes to 
require water-conserving plunbing 
fixtures. 



N. What Type of Plumbing to Use 



Fran your stu*/ of this section, you 
will be able to discuss the fanfcors 
which influence the wise selection of 
plyitoing . They are discussed under the 
following headings: 

1. Vfater Oonsunption. 

2. Type of Plunbing Bquipnent. 

1. WaaCER OOWSIMPTION 

A typical four-irember family oonsunes 
abcxit 1136 I (300 gallc^^s) each day or 
about 110,000 gallons per year for indoor 
uses alcne. Wat^ is used for toilets, 
lavatories, bathing, laundry, utility 
sinks, and kitchen dishwashing and food 
preparation. Additional water is used 
outdoors for car washing and lawn 
sprinkling, but it seldom drains into a 
sewer systen. Swiirming pool£ are now 
beocming another major water consumer in 
sane locations. 

Table XVI^ shows a breakdown of daily 
water oonsunption for a typical bene 
with a family of four. 



The actual water coistnption for a 
hone varies widely, depending on the 
living habits of the users as well as 
the efficiency of the fixtures and 
appliances. Since about a^fourth of 
the water ocaisuned is hot water, Icwer 
water consun|>tion is a doutble saving. 

2. TVPE OF PUUMBIMG EQUIPMEOT 

Iiet*s look at several ways in vrtiich 
we can decrease water oonsurption ty 
selection of pluitoing fixtures with 
vater saving features. They are 
discussed as follow: 

a. Itoilets 

Most tank-type toilets consume 19 
(5 gallons) per flush, ifeter-savinq 
toilets can be purcJiased fron most of 
the major manufacturers T^Mch consiffne 
about 1 i (3 gallOTis) per flush (Figure 
62). arick and dam-like inserts can be 
used to save water in existing toilets, 
provided the toilet will still vork 
properly and not require two flushes. 



TABI£ mi. DAILY WATER NEEDED POR A 
FAMILY OF FOUR 



Percent 

Use Gallons/Day of l^tal 



Toilets 


120 


40 


Lavatories 


10 


3 


Bathing 


100 


33 


Laundry 


35 


12 


Utility Sink 


5 


2 


Kitchen 


30 


10 


TOTAL 


300 


100 
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SMALL 



WATER-SAVING 
TOILET 



For lavger buildij}gs, methods involv- 
ing chsnical treatments ijicineration and 
water cycliiig systems are ooming into use. 
The installation of a water reuse ^stem 
which recycles water front sinks, tube, 
and washers for use in toilets can save 
between 40 and 50% of the total house- 
hold oonsdtption (NAS^V). 



A nuntoer of waterless toilets are 
now available (Figure 63). These units 
oorpost toilet wastes as well as kitchen 
scraps. IVhere allowed by Code, they can 
be a good substitute for a septic system 
if drainage is poor or sewer systems are 
expensiw to hook up or not available. 
Uhless properly installed and maintained, 
these units can beocme a preplan. 



b. Lavatory Faucets 

W&ter-conserving faucets have a flow 
rate of about 3.8 ^ (1 qal) per minute 
ocrpared to nomal flow rates of 8 to 
11 {2 to 3 gallons) per rdnute. 
E>tisting faucets can be modified to save 
water by installing flow control valves 
in both si^iply lines or by adding an 
adjustable spray head (Figure 64). 




riGUPE 64, Adjustable spray head valve 
for inserting in faucets to reduce water 
flow. 
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c. Showers 

A 114-liber (iO^allon) per shower 
usage is based on a lO-minute sha^r 
with a occT.'entional 11 i (3-gallcn) per 
ndnute flow-rate head. Sane shcw^r head 
flow rates run as high as 23 £ (6 gallons) 
per minute. A water-oonserviiig showar 
head should have a flow rate of only 
10 t (2.75 gallons) per minute (Figure 
65). An adjustable head will allw 
individuals to select desired spray 
patterns. Shutting o?f the spray head 
for soaping along with shorter showers 
will cut water oonsunption by half, and 
could save $20.00 or more per year. 




d. Kitchen Faucets 

It is conroon practice to let kitchen 
faucets nin full force wheri cleaniJig 
vegetables or rinsing dishes. Lower 
flew rate faucets with spray heads will 
not be a difficult adjustment to make. 
In-line flow control valves can be 
placed in existiivj supply lines (Figure 
66). A good flow rate for these faucets 
is 8 t (2 gallons) per minute. 

e. Dishwashers 

A dishwasher should not have a flow 
control valve placed in tfie water si^ly 
line as it will prevent proper cleaning 
action. 



Most dishwasher manufacturers now 
have ''energy saver" models whidi allow 
the selection of a "short wash" cycle 
which can be used for all but the very 
dirty dishes. This cycle uses about 
38 ^ (10 gallons) as qpposed to about 
&7 £ ilb gallons) per regular wash cycle. 
Hie cost saving here is mainly the energy 
for ht^ting the water, which can be 
considerable. 



f . Clothes Washers 

The major saving here again is the 
energy used to heat the water. llaTpera- 
ture oontrols and variable water levels, 
"sud-saver" features, and nore cold 
water vashing will produce significant 
savij¥3s in this area. 

g. (Xttdoor Ifater tfees 

Hie greatest water oonsunpticn out- 
doors is lawn sprinkling systems. Hiese 
should be regulated for mininum moisture 
reguirements and perhaps eliminated in 
favor of "ground covers" for iteny areas. 

Car washing requires over a hundred 
gallons per wash, A self-closing nozzle 
is helpful. A better so^ .tion is the 
"no-hose" system. Use a few buckets of 
water and save er.irgy with energy. 

In sumary, selectino water saving 
pliitibing fixtures and using some oatron 
sense may save as inuch as $30.00 for 
water and $50.00 for heating costs in 
one year. 
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II. Installing Energy-Saving Materials 



After one urderstands the need to 
OOTiserve energy in buildings, how energy 
is used, how its loss and gain is 
measured, and \4iat corponents of a 
building can be designed or modified to 
be mde more energy^ff icient, it is 
very iitportant to put this knowledge 
into practice- Many steps can be taken 
by individuals, scnie in a rather short 
period of time, that can save signifi-- 
cant anounts of energy. It is inportant, 
hOTOver, to follow the proper procedures 
or the materials nay not function 
properly, and actiial damage to the 
structure may result. 



The procedures are given under the 
following major headings: 

A, Installing Insulation in the 
Structure. 

B, Installing Vapor Barriers. 

C. Installing ^featherstripping and 
Caulking, 

D. Installing Storm Windcws and 
Doors. 



A. Installing Insulation in the Structure 



Before installing insulation in new 
construction or renodeling work, all 
carpentry required to frame the struc- 
ture, as well as all electrical, plumbing, 
and heating-cooling rough-in procedures 
must be ooopleted, to allow only a 
miniinum of disturbance to the insulating 
mterial after it has been installed. 

Insulaticai should be installed on 
all surfaces where the flow of heat will 
be detrimental to the efficient heating 
antVor cooling of a building. The 
methods of installing insulation differ 
sana?yiiat depending vjpon the part of the 
structure to be insulated. Fran your 
study of this section, you will be able 
to install insulaticai properly . 
Procedures are given under t3ne follcvdnq 
headings: 



1, Installing Insulation in the 
ceiling. 

2, Installing Insulation in the 
Floor, 

3, Installing Insulation in the 
Walls, 

4, Installing Insulation in the 
Basement and Crawl Space, 

1. INSTALLIMG INSULftTIQM IN THE CEILING 

Only those ceilings e^iposed to 
unheated attics or directly covered by 
roofs need to be insulated. However, 
because the heat loss is greatest through 
oeilxngs and proper ventilation of attics 
is essential, it is very iitportant that 
insulating is done properly. Figure 66 
shows v^iere insulatictti should be placed 
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riGORE 66. Insulation for a one ?;tory building with attic. 



in a one story house with an attic. If 
the house has access to the attic by way 
of a stairway, Figure 67 shows how the 
stairvjell should be insulated. Buildings 
which have no attic, as in Figure 68, 
must have ijisulation in the roof-ceiling 
area, making certain to allow enoxKfh 
^ce above the insulaticm for air 
circulation. Figure 69 shows where 
insulation laist be placed in houses 
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riGCRL 66. Buiicing with no attic 
s^pace must have insui::tion under the 

where seme of the attic area has been 
finished for living purposes, or dortners 
have been added for more living space, 
light, and ventilation. Again, it is 
iirportant that -^ace be left between 
the insulation ih the drop ceiling and 
the roof boards to allow air circulation 
frcm the attic area behind the knee wall 
to "r-ie upper attic area for proper 
ventilation. 
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Insulation in ceilings of the 
following categories of insulation 
are cSescribed: 

a. Flexible Insulation. 

b. loose-Fill Insulation. 

c. Rigid Insiilation. 

d. Reflective Insulation. 

a. Flexible Insulation 

The najority of flexible insulation 
is manufactured with kraft paper or 
asphaltic, plastic, or aluminum vapor 
barriers adhered to at least one side. 
If the insulation has a vapor barrier, 
it is very important that the vapor 
barrier be placed toward the heated side 
of the ceiling (facing downward). It is 
also essential that the vapor barrier 
not be torn, as it then beocmes less 
effective. 




Batt or blanket insulation with a 
paper or vapor barrier backing is 
usually fastened to ceiling joists or 
studs in one of two ways. It is sinplest 
to staple the flanges of the insulation 
to the edge of the stud or joist (Figure 
70) . This procedure nakes for the best 
seal for the vapor barrier, but it sonie- 
times leaves an uneven surface unon 
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which to place wall covering and does 
not allcM for the use of adhesives to 
hold irtBll coverings in place. Otherwise, 
the flange can be stapled alc^ the side 
of the stud to form an air space between 
the insulation and the wall covering 
(Figure 71). The latter is the procedure 
required if the insulation has a reflec- 
tive foil surface on it. 

Blanket insulation cones in rolls 
and is usually available in thicknesses 
up to 3 1/2 inches. The thicker the 
insulation, the less area a roll will 
cover. Batts are available in thick- 
nesses to 5 inches and cone in a 
series of shorter pieces packaged 
together. Boztx are made in widths for 
installation in 16-inch or 24-inch 
on-center spacing of framing members. 




Batts or blankets may also be 
purdiased without any backer or vapor 
barrier. These are made to fit in spaces 
betvjeen joists or studs by friction. 
JVIany spaces will require several batts 
to cover their length. Care should be 
taken that joints between batts are 
pushed tightly together. In ceilings, 
especially with 61 an (24 in) o.c. 
framing, these are most successfully 
installed by laying them in after the 
ceiling covering has been installed. 
The measurtnq and cutting of such 
insulation is acccrplished in the -manner 
previously described. A separate vapor 
barrier will be needed. 

If flexible insulation is to be used 
to add thickness to existing batt or 
blanket insulation, it is best to use 
the l^pe that has no v&pac barrier. If 
batt or blanket insulation with a vapor 
barrier is used, the vapor barrier should 
be slashed and again placed to the warm 
side but not fastened. If the space 
between ceilino joists is not filled 
with the fir:b^ layer, the second layer 
is merely laid between the joists on top 
of the first. If the space has already 
been filled, the batts or blankets can 
be run at ri^t angles to the direction 
in vA^ich tte joists nin, to give total 
coverage. 

For protecticn, the installer should 
wear safety goggles and clothes that fit 
tightly about the neck and wrists. 
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Ito install blanket insulatiai, 
proceed as follcws: 

1. Measure the length of the spaoe 
to be insulated . 

2. Add to this length another 10 .2 
on {4 in) or 15.2 an <6 in) if 
one end is to "start at outside 
wall . 

3. If several pieces of the same 
length are *",oeded^ measure this 
distance fron a wall and nake a 
mark the floor (Figure 72) . 



MARK LENGTH 
FROM WALL 



PLUS A ^ 
(6' IF OUTSIDE 
WALL) 




MEASURED 
LENGTH 



riGURC 7:?. 

length. ^ 



■ :t ,or:s to . ro: ^.t 



4. Place end of blanket against wall 
and unroll to mafk^ 

5. Ooqpr^s the naterial with a 
straight edge and cut witli a 
sharp knife [Figure 73) . 

6. Peel the insulaticm away f ran 
the paper gr vepor barrier for 
about 5.1 an (2 in) at each end — 
10.2 a n (4 in) if end is to 
start at outside wall (Figure 74) . 




riOURE 73. Cc^i;ress the inj^uiation 
with a straight edge and cut uith a 
^:.harp knife. 



&CM (2 IN ) 

10 CM (4 IF OUTSIDE WALL) 




PAPER OR 
VAPOR BARRIER 



FIGURE 7U-. P^yel inr>u]r5tlnn iiv;ay 
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PLATE 



FIGURi: 7[^. I-ovI.-^ liy -jv.ce for 
attic vep.til Uic:;* 

7. If one end is to st jrt at outside 
wall and end of insulation over 
vail plate will block space 
between rafters to the underside 
of the roof boards, remove 
enough insulation fron tite top 
cover of the blanket to allc^: 
for at least 2.5 cm (1 in) oF 
clearance for ventilation fron 
cornice (Figure 15U 

8. Place end of insulation on top 
of double top plate and staple 
paper or vapor barrier to edge 
of double tog_pXate (Figure Tg') . 

9. Staple to edge or side or 
cexling loist or truss chord. 
Staples 6 rrm (1/4 in) long should 
be no more than 15.2 cm (6 in) 
apart and care nmst be taken to 
have vapor barrier fit tight to 
joist (Figure 76) . 




10. Where there are electrical bc»ces 
in the ceiling, place the 
insulation above than and cut 
the insulation so that it can be 
fitted around the wires or 
conduit . 

CAUTIONl Do HDt place insulation vdthin 
7.6 cm (3 inches) of recessed fixtures, 
They are designed to dissipate the heat 
generated by the light bulbs into the 
air above then; covering them with insu^ 
lation can cause them to overheat and 
possibly cause a fire to start. Also, 
do not cover non-ducted eidiaust vents. 

11. Use longer lengths first and the 
5horter;_pieces to do the shorter 
areas . 

If joints are made in an area, 
be sure to butt the ends of the 
pieces of insulation tightly 
together. 
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b. Loose-Fill Insulation 

A very popular type of insulation to 
use in ceilings is loose-fill insulation. 
Some of these insulations, such as mica 
pellets, are easily placed by pouring 
and leveling irfiile others such as glass 
or rock tooI and cellulose fiber are 
best installed with a blower. 

Certain preparations may be macJe so 
that the installation will be done most 
effectively. One of these preparations 
is the installing of cardboard baffles 
where the joist space meets the outside 
wall (Figure 77). The purpose of the 
baffles is to keqp the insulation from 
being shoved or blown into the soffit 
area and to ke^ the insulation from 
blocking the flow of air from the soffit 
vents to the attic. The cardboard 
baffles nay be purcha^ present and 
creased for bending, or tney can be made 
of surplus cardboard by the installer. 
The baffles may be stapled or nailed 
into place with large headed nails. 
They are much easier to install in new 
oaostruction before the roof boards 
have been put in* 



CARDBOARD 
BAffLE 




If a vapor barrier is desired in the 
ceiling, it must be installed at this 
time. Installation of vapor barriers 
will be discussed in Part B. 

Anyone who works with loose-fill 
insulation in closed spaces should viear 
a respirator in addition to safety 
goggles and clothing that fits tightly 
at the neck and wrists. 

Loose-fill insulation may be 
installed by (1) pourij^ or (2) blowing . 
Either method may be used equally as well 
for installing additional insulation 
over existing insulation to increase the 
Revalue of the ceiling structure. 
Procedures are given as follcws: 

(1) POURING JETHOO . If your insulation 
is the type that does not pack when 
bagged, following the pouring method: 

1. Carry bags of insulatioJi into 
attic . 

2. Open bags and pour insulation in 
spaces between joists . 

3. Level off insulation to desired 
thickness with leveling board 
(Figure 78) . 

If d^jth desired is greater than 
joist, level by installing 
screeds perpendicular to the 
joists. 



LEVELING BOARD 



LOOSE-FtLL INSULATION 
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4. Be sure that all areas are 
properly oovered and that 
recessed lights are uncovered . 

Tto keep insulation from recessed 
fixtures or erfiaust vents, use a 
non-oonibustible imterial such as 
sheetrock scraps to hold insula- 
tion back. 

5. Rgnove grpty bags fron attic as 
they constitute a fire hazard . 

(2) BUJmGmmX) . Glass ard rock 
wools and cellulose fibers are best 
blowi in place, because the process of 
blowing tends to restore the imterial 
to its natural fluffy state. Itiis 
procedure enhances its insulating value. 
While a single individual can install 
insulaticMi by the pouring method, it 
takes faro people to blow in insulation. 
One person must feed insulation into 
the blcwer while the other directs the 
hose in the attic. 

With the recent eiiphasis upon insu^ 
lation, more insulation suppli^^ have 
bloifl^s that they rent to individuals to 
enable than to do the insulating them- 
selves. These blowers are usually 
equipped with an electric control irfiich 
enables the person directing the hose to 
control the flow of insulation. A person 
who has not used a blower before should 
follow very closely the directions that 
are given v*ien it is rented. 

It is best to select an area easily 
accessible to make a trial application 
and ooqplete coverage. Once this skill 
has been acquired, the most inaccessible 
spaces are filled first while the appli- 
cator works gradually toward the exit to 
the attic. The same precautions 
regarding recessed lights and unducted 
vents must be follov^ when insulatioi 
is blorfn in place. 



c. Rigid Insulation 

Rigid insulations are used primarily 
in ceilings v^iere the roof dLTd ceiling 
structure is one, such as plank and beam 
or bar joist and steel dedt construction; 
therefore, it is usually installed when 
the building is constructed. Rigid 
cellulose fiber planks of 5.1 or 7.6 cm 
(2 or 3-inch) thickness may replace 
solid wood decking in plank and beam 
construction . It is laid on tap of the 
beams and nailed in plaoe with long 
spikes. Roofing is then applied pver it. 
This method is more energy efficient than 
solid wood decking, but neither is 
adequate in view of the rising cost of 
aiergy. Therefore, it is now reoonniended 
that enough rigid insulation, probably 
one of the foam plastics, be placed over 
the decking to bring the R-A^alue xip to 
the desired level (Figure 79). This 
method of insulation can be used to 
i?5grade the R-Value of existing plank 
and beam ceilings as well. 




'fKybrL 7'^, /Ir^j Insul^ttion ; laced 
Gv^r ;;iywood <wv;ilinr, with exposed 
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In sloped ceilings that are franed 
with rafters, the rafter is sonetiines 
made deeper than necessary for struc- 
tural strength, in order to acoonnodate 
the proper thickness of insulatioa and 
still provide an air space for ventila- 
tion. Liihber may be saved by sizing the 
rafters for strexigth and placing rigid 
insulation on the underside of the 
rafters in addition bo the batts between 
the rafters. This method nay also be 
used bo i^grade the insulating value of 
eJtisting structures (Figure 80)- 
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Some ooinpanies wh^ nanufacture mate- 
rials for suspended ceilings are now 
trying bo inake the public a\^are of the 
insulating value of such ceilings. If 
information on the U-value of suspended 
ceilings is given, be sure bo ascertain 
vvhether this refers bo the U-Value of 
the panels or of the total suspended 
ceiling. The panels may be good insu- 
labors but the netal grid that supports 
the panels conducts heat readily. Such 
a ceiling installed for insulation 
purposes will be installed in a manner 
similar bo any other suslxy^ed ceiling. 




d. Reflective Insulation 

Reflective insulations a^e *;eldan 
used in ceilings as the only form of 
insulation. 'They are naost effcKrtive in 
climates where protection from fsurmer 
heat is the major concern. I^he aluminiin 
foil backing found on some mtt and 
blan)cet insulations acts as a reflective 
insulation as well as a vapor barrier. 
Tn order bo be effective, this insulation 
nus'^ be installed with an air space of 
at least 1.9 an (3/4 in) between the 
reflective surface and any surface 
opposite it. The same holds true for 
reflective insulations made of a single 
sheet of material. Otherwise, the 
procedure followsd in its installation 
is the same as for any other type of 
flexible insulation. Although stapling 
is the iwDSt popular method of fastening 
reflective insulation, it may also be 
nailed. It must, however, be fastened 
often enough bo be held against the 
framing material without gaping. 

Reflective insulations that unfold 
bo form multiple air spaces, each 
surrounded with reflective surfaces, are 
provided with tabs for fastening them 
bo the structure. Again, care must be 
zeroised bo Iteep the insulation at 
least 1,9 on (3/4 in) away from the back 
side of the ceiling covering. TJiis 
insulation is best installed in new 
oonstmctions, or vvhen ranodeling rather 
than when used as a measure bo upgrade 
the insulating value of ^ existing 
structure. 

2. INSTALLIl^ r^SULATIW IN THE FIOOR 

Insulation in floors is installed 
only over unheated areas. M^st insula- 
tion that is installed in floors has the 
heated area above it. Many tines this 
insulation is not installed duriiig the 
proper phase of oonstruction or is 
installed later bo maJce the floors 
wanner. These factors tend bo make 
proper installation rare difficult and 
load to its bainq ia^^taMpxl innroneriv. 

Procedures vary for f lexible , rigid 
and loose^fill insulanin n. 'iliev are 
given under the follcwinq lieadinqs: 
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INSULATION 



FLOOR 




STIFF WIRE 



FIGURi; 81. Stiff wire may be used 
to support flexible Insulation 
betwe<?n flow ]oi:;r.s. 
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ri{;l)P£ 82< M^^;:i wire used To support 



a. Flexible Insulation. 

b. Loose-Fill Insulation. 

c. Rigid Insulation. 

d. P^>flectiv*e Insulation. 

a. Flexible I nsu lation 

Most flexible insulation has the 
vapor barrier on the side f rem which it 
is fastened, requiring that one of the 
following thinqs be done. 

The insulation should be installed 
from above by stapling it in place 
before the subfloor is put down. 

Sone insulation is made oaroletely 
enclosed by kraf t paper with the ^apor 
barrier to be placed vp and the stapling 
to be done frcin beneath. 



FLOOR JOIST 



INSULATION 




WIRE MESH 



FIGURE 83. Installir;^^, flexible 
insulation under floor* 

A vapor barrier can be installed 
above or beneath the subfloor and insu^ 
lation without a vapor barrier can be 
installed from beneath . Uiis is sup- 
ported by wire . Use either pieces of 
heavy gage wire vMch are pointed on 
each end or wire nesh . Place the vapor 
Larrier up (Figures 81 antS 82) . 

(1) HEAVy GftGE WIRE . Proceed as follows: 

1. Cut insu l ation proper length. 

2. Slide batts of insulation 
between the joists on ta^ of 
the wire (Figure 83) . 

3. Repeat steps 1 and 2, wprkinq on 
areas that are sroail enough to 
get the insulation in place 
easily. 

4. Bid at obstructions such as walls 
or cross bridging^ 

Otherwise, the niethods of 
aittinq antS installing the 
flexible insulation in floors 
^s similiir to t'nat described in 
section "1. Installing Insula- 
tion in the Ceilincr." 
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b . Loose^ill Insulation 

2hti only way Joose-fill can be used 
to insulate floors is if a covering has 
b&m installed on the under sides of 
the floor joists, Uhless the subfloor 
has not yet been installed, loroe-fill 
is seldom used for insulating floors. 

c. Rigid Insulation 

Rigid insulation may be used for 
the following conditions: 

(1) EXISTING SLftB FWOBS that are cold 
may be made wajcmer by ijistalling TOod 
sleepers on the concrete, insulation 
between the sleepers, a vapor barrier 
over the sleepers and insulation snd/or 
a wood floor with appropriate floor 
coverings over that (Figure 84). 
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riGURi: eu, Inr.tal) rxf^id insulation 
betwt't*n vd^yor Ivirrier and slab* 

(2) FRAME FLOORS. In franie floor 



construction, rigid insulation can be 
nailed on the underside of the joists. 
If the insulation does not provide a 
vapor barrier, one should be installed 
bet^^n the joists and the insulation 
first. 

Less severe problems vrith oold 
floors can be helped by usinq a foan 
backed carpet as a finish floor coverina, 
or by oeinentirv;! 3 or 6 rm (1/8 or 1/4 in) 
felt board to the concrete with a mastic. 
Finish floor covering tJien is placed 
over the ^'el*: ;xRrd. 



(3) SLAB FLOORS . Rigid insulations are 
used prijnarily to insulate concrete slab 
floors. Insulations used for such 
purposes must have strength to resist 
ocnpression by the weight of the omcrete 
and those d:>jects plaoed on the floor. 

Proceed as follows: 

1. Place insulation before ooncrete 
is poured (Figure ~8Sf i 

2. It nust ext^id down inside foun- 
dation wall to frost line, or 
extend horizontally under slab 
floor for 63 bo 91 an (2 to 3 
ItT 

3. Rigid insulation may extend under 
the entire floor. 
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FIGURE 85. Rigid insul.tt must 
extend down to the fvo^t line or 
61 to 91 CTT (2 to 3 ft) under the 
slab floor. 



d. Reflective Insulation 

Reflective insulation vioalcj be 
installed in joist spaces in the sane 
manner as it is in ceilings. 
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3. JNSmiJm IN3UIATI0M THE l^LS 

Any wall uMch will be exposed to 
the outside or an unheated area of the 
building should be insulated. After 
installing the insulaticxi in the ceilings 
and floors of a new house^ one finds that 
work on the walls is quite easy. However^ 
extreme care mist be exercised in the 
installation process. Uiere are many 
niare qpenings around whidi to work. 
Electrical wires, electrical boxes akid 
sometimes plumbing must be worked 
around also. 

Installing insulation in walls is 
fiiscussed uncl^sr the following headinqs: 

a. Flexible Insulation, 

b. loose-Fill Insulation. 

c. Rigid Insulation. 

d. Reflective Insulation. 

e. Foam Insulation. 

a. Flexible Insulation 

Batt and blanket insulation is a 
very popular type of insulation to be 
used in the walls of houses and additiois 
under construction, Ttie method of 
cutting and installing batts and 
blankets in walls is the same as the 
procedure described in "1. Installing 
Insulation in the Ceiling.** Add the 
following procedures: 

1. VJbrk insulation behind all water 
andd .H^n pi pes (Figure 86) . 

Do nc'^ pack. 

2. Work insulation beliind electrical 
b oxes and take care to seal cuts 
ih wall insulation around elec - 
trical wires and conduit (Figure 

m: — 
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FIGURE 86. \:ory in^jiii^rioi; .:iround 
pities dnd wires. 



3. cut and install insulation in all 
odd"Sized stud spaces no tnatter 
how small they are^ 

4. Ocnpletely fill the stud space 
and staple vapor barrier all 
around the top» bottan and sides . 

5. Stuff cracks between window and 
door frames and rough openings 
full of insulaticn and oover 
with a vapor barrier {Figure 87) . 




i ICV-l 97. rill 3i: crnct-' with 
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b. Loose*-Fill Insulation 



Proceed as follows: 

1. Install both oeiling and sheathing 
and vapor barriers on new oonstruc- 
tion. 

2. Drill hPle in sheathing at tc^ 
of wall (Figure 88)" 

On old ccnstruction, check for 
fire stops (hDrizontal bracing 
between studs) . If they are 
installed, you vdll have to fill 
below them also. 

3. Blow in insulaticfi (Figure 89) . 

If you are filling the cores in 
concrete blocks, fill after every 
3 or 4 courses rather than wait 
until wall is ccnpleted. 



c. Rigid Insulaticn 

The prirnary use of rigid insulation 
on frame walls is as a oontoination 
sheathing and insulation. In this 
application, it is usually used together 
with another type of insulaticn. The 
two categories of rigid in^sulations are 
insulation boards and foam plafitic 
sheets. 



i^ICURE S9, 3icwiri;: in insuicition* 
Proceed as follows: 

1. Install wind bracing if needed . 

Poam plastic sheets are non- 
structural so they require that 
sons type of wind bracing be 
installed in the wall. Sane 
infnilation boards have been 
approved by model codes for use 
without any other v;ind bracing, 
however. 

2, Cut insulation boards and fasten 
to studs in place of sheatliing . 

The foam plastic sheets are best 
cut by sooring the sheet with a 
utility taiife and snapping the 
sheet in two. 

Nails with 1.1 or 2.5 on (7/36 
or 1 in) heads are required to 
fasten the sheathing. The 
folloi'ang nailing schedule is 
reoomnRnded: 
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Fasteners 



Crcwn or 
llead 



Centers 





cm 


in 


an 


in 


staples 


1.1 


7/16 


20 


8 


Staples 


1.9 


3/4 


31 


12 


Nails 


1.1 


7/16 


3j. 


12 


Mails 


2.5 


1 


61 


24 



If vou have masonry walls, glue 
the insulation boards to the 
vail. Be sure to xjse the irastic 
reooranfinded for the jc*>. 

d. Reflective insulation 

Reflective insulations in walls are 
used primarily to stop the transfer of 
radiant teat. 

Three types are discussed here. 
They are as follows: 

(1) Accordion IVpe. 

(2) Rigid, Reflective Q^e side. 

(3) Rigid, Reflective l\>Jo Sides. 

(1) AOOORPION TYPE . Accordion-type 
reflective insulation is pre*-made to 
unfold and staple in a stud space. It 
nust be kept 1.9 on (3/4 in) away fron 
the inside surface jf either wall 
covering to be effective. 

<2) RIGID, REFLBCnVE OME SIDE . Vtell- 
toards, such as gyi>sin boards and 
sheathing y such as insulating boards, 
are available with one reflective side. 
The reflective side is to placed 
tovJard the inside of the wall. There 
must be a 1.9 on (3/4 in) air space 
between any insulation in the wall 
cavity and the reflective Insulation. 
Otherwise, they are installed in the 
same manner as regular walltx>ards and 
sheathings. 



(3) RIGID, REFICCTIVE TWO SIDES . Xnsula- 
tion, trade of a single sheet of material 
reflective on both surfaces that is 
installed alone in a stud space should 
be stapled in place midway between the 
sheathing and the interior wall covering. 

e. Ftoam Insulation 

TXro types of foam ijisulatiOT are the 
urethane foams and the urea-formaldehyde 
insulations. >3either of them can be 
applied without speci<J. equipment, as 
they are made by mixing ccnfx^nents 
together in an acplicaticn gun. 

They are discussed as follcvs: 

(1) Urethane FOams. 

(2) urea-Formaldehyde Foam. 

(1) URETHANE FDAMS . Urethane foam is 
sprayed an the surface to be insulated. 
A gas is fonned \^ch causes the material 
to foam and set in a short tipfe. It can 
be sprayed in tiie stud spaces to a thidc^ 
ress of an inch or two and does a great 
deal to give the wall rigidity as well 
as insulating value. It also can be 
sprayed on the underside of roofs, etc. 

Its application in a closed stud 
space has been unsuccessful/ hcwever, 
because it is difficult to 'jet the exact 
amount of mixture between the walls. 
Too little will leave voids and cause 
teat loss and too mucii will exDand and 
push the wall coverings aw;^ .ram the 
studs. 

The material must be protected fron 
light because ultraviolet light causes 
it to break down. T?ve surface is also 
extronely flannable and viien the mate- 
rial bums the sroke is highly toxic. 
It is also more expensive than most 
insulating materials, but it is a better 
insulator per inch of thickness than 
most. If the urothiane foams are to be 
used, precautions must b^z taken to guard 
against the problens rationed above. 
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(2) UBE&-F(p1MI)EH^ PQftM . Bie urea- 
fonoaldelivide foams are f earned iJito the 
wdl cavity about as aeresol shaviJig 
cream wuld be. They do a good job of 
sealing around electrical bc^ces and 
other obstriKtions in the stud spacB. 
The naterial is very li^tt and easily 
crushed. It also has the disadvantage 
of shrinfcing scnewhat^ causing ga^ 
between surfaces in the stud ^oe 
through which heat can escape. T^ holes 
are drilled into the sheathing in each 
stud space and the material is foamed 
into the botton hole \dille the i^pper 
hole lets out the air. 

4. INgmiUNG INSirLAnOK IN 1BE BASmBTT 
MC CRftHL SPACE 

If a building has a crawl spaoe^ the 
floor above the crawl spacB can be instt- 
lated and the crawl ^)aoe irentilated or 
the crawl ^ce itself can be insulated. 
Good insulation is especially necessary 
in a crawl ^>aoe or basetnent if the 
crawl ^oe contains heating ducts for 
the furnace. 

Insulating basements and crawl spaces 
is discussed under the following headings; 

a. Flexible Insulation. 

b. Loose-Fill Insulation. 

c. Rigid Insulation, 

d. Reflective Insulation. 

a. Flexible Insulation 

Basenents and crawl ^oes in wood 
framed houses have one part of the 
structure that is oiten not insulated. 
This area is the band joist, tlornally 
at this point there will be only 3.8 cm 
{1 1/2 in) of lumber plus whatever is 
used as a siding on the outside. This 
is usually corrected by stapling 
flexible insulation in the ^>aoe between 
the floor joists , (Figure 90). 



BAND. 
JOIST 



FLEXIBLE 
INSULATION 




STAPLE HERE 



FIGURE 90, Insulate the band joist. 

In addition to using flexible insu- 
laticai at the band joist, it nay also be 
used between furring strips if the base- 
ment is finished {Figure 91). In a 
crawl spaoe^ the batt can be stapled to 
the foundaticai wall antS brought down to 
the vapor barrier on the ground (Figure 
92), 

In wood foundations, insulation is 
installed exactly as it is in any other 
stud wall. 




.FURfllNG 
STRIP 



1- INSULATION 



FIGURE 91. Furring strips may be added 
to a masonry wall to provide for 
flexible insulation* 
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n^jJRE 92. Insulation of band 
joist and crawl space. 



b. loose-Fill Insiilatiai 

BKoept for use as a poor insulatioii 
in the ooces of concrete blocks, loose- 
fill insulation has little use in this 
area of the building. 



c. Rigid Insulation 

Basements may be insulated b/ using 
mastic to glue foam plastic board either 
to the inside or outside of the wll. 
If the foam board is glued to the out- 
side, it must be protected from the 
effects of weather by painting it with 
a latex texture paint or by applying 
sane other mat^ial that is corpatible 
with the foam. 

Other types of rigid insulation may 
be used between furring in basanents and 
on the inside wdls of crawl spaces. 

T^lk out basements must have the 
exposed part of the basement treated in 
the same manner as the slab floor 
described in '*A. 2.** for rigid insulation. 

d. Reflective Insulation 

Reflective insulations are seldom 
used in basalts crai*;l spaces. 
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B. ln$talMng Vapor Barriers 




In Section I, the effect of iTDisture 
^pon the buildijig and the neoessity for 
vapor barriers are discussed. Ronaitoer 
that to turn liquid vrater into water 
vapor takes heat, so \A\en we keep water 
v^or fron escaping we are saving heat. 
In addition, are keeping the insula- 
tion dry, whidi adso saves heat; we are 
also keeping the structure of the 
building dry to make it last longer. 
Care must be taken that the vapor barrier 
is on the warm side so that noisture 
will not condense on it. 

Another precaution that niust be 
taken is to have no more than one v^or 
barrier on any surface. If there are 
tvK> vapor barriers of equal effectiveness 
or two vapor barriers with the most 
effective one closest to the outside, 
there will be a tendency for moisture to 
be trapped betoeen tt^. In this 
instance! as many problens can arise as 
would if no vapor barrier were present. 
Therefore, if it is necessary to have 
two vapor barriers present, take a knife 
or other shaarp object and cut slits in 
the one nearest the outside irfiidi will 
render it useless as a vapor barrier. 

The vapor barrier should also be 
free fron holes and other qpenings irfiich 
will cause water vapor to leak into the 
structure. JUst as the air will sooner 
or later cause water vapor to leak fron 
one hole in a tire, so will a signifi- 
cant amount of water vapor leak through 
one hole in the vapor barrier. Vapor 
barriers should cover the warm side of 
all insulated surfaces. 

Fcciii your study of this section, you 
will be able to install vapor barriers 
properly . 



Installing vapor barriers is 
discussed under the follcwing headings: 

1. Installing Vepor Barriers in 
New Constcuction. 

2. Installing Vapor Barriers in 
Existing Buildings. 

1. INSTALLING VRPOR BftRRIERS IH NEW 
OONgTRUCTIOH 

In new oonstdiction, the v^or 
barrier can either be an integral, part 
of the insulation or it can be a 
separate layer, if the vapor barrier 
is part of the insulation, it will be 
installed with the insulation. The 
above mentioned precautions are to be 
followed in this instance, too. 

If the vapor barrier is separate, 
proceed as follows: 

1. Use .10 nin (4 mil) polyethylene . 

2. Staple it to edges of framing 
across windows and doors . 

Install en heated side of st\ids. 

3. Tape Joints with duct tape . 

4. Cut cross-wise and seal around 
electrical bo:^ with sealing 

5. Seal any tears or Iroles . 

6. Cut out plastic from doors and 
wireiows after construction is 
oonpleted . 
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2. perfiujixs vagoR saRRi^ 

BUIU>INGS 

If the building is an existijig one 
and has no vapor barrier, consider the 
following options: 

(1) mterior Walls Good. 

(2) Interior Walls Not GcxxJ. 

(1) IHTERIOR VffiLLS GOOD . Proceed as 
follows: 

1. Add decorative wall oovering^ or 

2. j^ly two coats aljundnum 
primer pamt^ or 

3. add niew wall/ or 

Install a vapor barrier cn old 
wall before applying new wall. 

4. Provide for veafitilation of 
interior walls . 

Drill hDles at bop and bottom of 
eadi stud space and install 
miniature vents (Figure 93). 

5. Add soffit and attic ridge vents 
for ventilating the attic. 



6. Lay a vapor barrier on the ground 
in the crawl space . 




FIGURE 93. Miniature wall vents* 
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FIGURE 94. Installing vapor barrier 
in attic. 



7. A3d ventilation to crawl space . 

Should be equal to 1/1600 of 
the crawl space area. 

8. Install vapor barrier in attic 
(Figure 941^ 

9. Install vspor barrier under 
floor . 

Staple to flow joist on bottan 
of floor. 

(2) mrERIOR waUS not good . Proceed as 
follows: 

1. Resftove vrall coverings . 

2. Install vapor barrier . 

If you need insulationi add 
insulation. Then attach 
polyethylene sheets to studs 
as in new oonstaniction. 

3. Follow steps 4-9 in previous 
sectiofi. 



C. installing Weatherstripping and Caulking 



If a new building is being con" 
structad, selec<- wincSowf? and doors fear 
their energy efficiency as as their 
appearance and p^ioe. if descriptive 
literature cn drors and windc^js does not 
giv'e infornatior an the U-^/altie of 
various gUzing irethods and the -^nf il- 
tration rate per unit length of crack 
area,, ask your salesman or dealer to 
pro'/ide thi£? information. 

On conpletion of this section, you 
will be able lo install wsathersUrj-Pping 
and cauUdnq prop erl y . 

There are two fcjisic steps that can 
be taken to stop or slow infiltration 
into a building. They are discussed 
under the following headings: 

1. Installing Weather stripping. 

2. Installing Caulking. 

1. BJSTftLLIMG ^^E?miERgraiPPIHG 

ifeatherstripping is installed 
primarily on doors and vandows. There 
are mar^ kinds of weatherstripping. 
Sane of tiie most popular ones are 
shorn in Fiqure 95. Weatherstripping 
is sold by the running foot, or in the 
case of some weatherstripping for doors, 
by the set. Those made of foams or 
plastic such as vir^l should be checked 
yearly, as the materials t^id to lose 
their resiliency and become less effec- 
tive. All weatherstrips should also be 
checked for signs of wear and breakage, 
and metal ones should be checked to 
make sure that they are not bent out of 
shape. 

Installing weatherstripping is 
discussed under the following headings: 

a. Ifeatherstricping Doors. 

b. Weatherstripping Windows. 




FIGURE 95, r 



OS o: w-atrjorstripjunn 



a. Weatherstripping Doors 

Garages are usually not heated, but 
homeowners like to keep them as warm as 
possible. Swinging doors m^ be treated 
the same as exterior doors in the rest 
of the house. Overhead doors sliould 
have a njbber astragals fastened to the 
botton of the door with roofing nails 
spaced 2-3 inches apart. If the over- 
head door needs to be very airtight, 
weatherstripping may be nailed on the 
door stop so that it fits tightly 
against the exterior of the door. 

(1) ABOUND DOORS . The following prooe- 
dure is used to install weatherstripping 
around a door: 

1. Check door for air leakage . 

2. Cut weatherstripping to proper 
length . 
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Use saw, hacd^saw, or tin 

is apjaxpriate for the 
given material. 

3. dose door ar^ install weather- 
strip on latch side first . 

Press \geatherstrip against door 
and fasten with nails, screws or 
staples. 

4. Install on hin^ge side of door and 
then install piece over top <^ 
dtoor. 

5. Qiedc door . 

If it closes too hard, weather- 
strip nay be pressed too tightly 
to door. If door closes easily^ 
chedc with hair dryer for further 
air leakage. 

(2) THRESFPID. Because of the irction of 
the door, possible unevenness of the 
floor, and v©ar fran traffic, the bottan 
of the doca: is usually inore difficult to 
rnaKe airtight. If weatharstrippi'^ is 
attadied to the door along the bcttcm, 
it should be adjusted periodically 
(Figure 96) . One vaariety is attached to 
the door at the bottan on the outside 
and is made to swing down into place as 
the door closes, helping to eliminate 
drag on the weathers tripping. 

An aluminim threshold with a vin^X 
insert is frequently used (Figure 97) . 
Ihe follcMing procedure is used in 
installing on&i 

1- Shut door and use a scribe to 
iinark a line on the insiSe bhe 
<3oQr 1.6 on (5/8 in) n> frgn the 
surface upon ^ihxch the threshold 
is to bfj inounted . 

2. Pull the hinge pins on the d)Oor 
and cut the qoor off i following 
the line, and level it 3 tttn 
"(1/8 in) to the outside to slide 
over the threshold first and 
ocnpress the vinyl insert as the 
door is closed. 




SELF-ADJUSTING WEATHERSTRIP 
RAISES ON OfGt DOCK tOWm ON ClDSEO tNMW 



ADJUSTABLE WEATHERSTRIP 



FIGURE 96. AdjustabJe threshold. 



INSIDE 




\^ DOOR 

OUTSIDE 


METAL ^'N^'- 'NSERT 
THRESHOLD 



FIGURE 97, Aluminum threshold with 
compression seal . 



3. Measure between the doer and 
mark the threshold^ 

Try to leave screw holes near 
the aids of the threshold if 
possible. 

4. Use hacksaw to cut off threshold 
to length"^ 

5. ^tall threshold with screws to 
floor. 
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6. Cut and install viryl insert . 

7. Check door for ease of closing 
and threshold for seal. 



b. WfeatherstrippiJiq Windows 



Casement, awning, hopper, and fixed 
windows are ea^ to apply weatherstripping 
to because all weatherstrippiJig can be 
applied from the sarne side. Casenent and 
awning windows oould have weatherstrippiJig 
applied cn the Inside. Hopper and fixed 
windows would ha\re it applied on the 
outside. Other <:^)enings that have 
renovable covers such as attic access 
doors and disappearing stair units may 
also have to be weatherstripped- 

For double-hung and sliding wirMSaws, 
proceed as follows: , 



1. 




2. 



3. 



Nail spriJig metal inserts ijito 
the sash channels and spring 
metal flashing to the bottgn of 
the lower sash and inside edge 
of upper meeting rail (Figure 

wr 

Stick adhesive-^packed foam to the 
botfaoni rail of the lower sash , 
the exterior of the meeting rail 
of the upper sash, and to the" 
parting bead (Figure 99) . 

ViJiyl weatherstripping may be 
nailed to the same surfaces. 
;^ly it to the bottom raiT'of 
both the lower and upper sash 
(Figure 100) . 



INTERIOR 



EXTERIOR 






\ 










LOWER 


• 


SASH 




BOTTOM 



LOWER SASH 
TOP 




UPPER 
SASH 
BOTTOM 



FIGURE 98. Spring metcil inserts for 
double-hunt' windows. 















11 1^/^ 





FIGURE 99, Adhesive-bdckcd fojui 
applied to botton of wirdow r.ash* 
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UPPER SASH 
BOTTOM RAIL 




LOWER SASH 
BOTTOM RAIL 



FIGURE 100. Vinyl wo.^th.' r'>tri:". inf.- 

2. INSEMXIMG CfiULKING 

Caulking can protect against infil* 
tration aid retard heat loss through 
cracks in the hDuse as wall as protect 
the struct^jre ^ron *.nsects and noisture. 



Any time therpi is a crack between ti«) 
different parts of a house, it should be 
caulked. Figure lOl shows sane of the 
places where a house should be caulked. 

Hie follasring steps should be carried 
out vjhen applying caulking: 

1. Vtee a wire brush, scraper, or 
chisel to clean out old cauHcing . 

2. lar^e cracks may have to be 
packed with obtain . 

3- Use solvent to clean ajrea . 

Also he sure that area is not 
wet. 

4. Out tip off nozzle of caulking 
tube at 45-degree angle . 

Uie farther up the tip that the 
cut is made, the larger the bead 
of caulking will be. Caulking 
should lap both sides of the 
crack. 

5. Insert rear of tube into gun 
first and drop nozzle into slot 
in front of gun . 



CHIMNEY/ROOF 
JOINTi 



FLASHINGS 



WINDOW AIR 
FRAMES CONDITIONER 
SEAMS 




WALL-<^ 
JOINTS 



DRYER-EXHAUST 
VENTS 



MASONRY/WOOD 
JOINTS 



CRACKS IN 
MASONRY 

VnSTEPS/PORCH 
' JOINTS 

DOOR FRAME 

DOOR SILL 



FIGURE 101. PiaceG wncrt- 



^klny^ :::uV bo neecied. 



96 




6. Push a sharp object into the 
TiOZZiB to bare^ the plastic seal 
at the base of the cartridge^ 

7. Hold caiUiui^g gun at a 45-degree 
angle to the surf aoe to te 
caulXed (Figure i02) . 




WRONG 



FIGURE 102. 
gun- 



RIGHT 



Proper use of caulking 




8. 



Squeeze trigger of cauUciiig gun 
with slotf, even pressure until 
cauUcing begins to come out of 
end of nozzle. 



9. Mdw nogzle slwly and steadily 
edong the crac3c, allomJiq the tip 
to form the bead of caulXing . 

Do not let the tip of the nozzle 
anear the caulking. Your goal is 
an evm and neat-looking job. 
Move the gun from top to bottcxn, 
and for ri^t-handed people, fro?, 
left to ri<^t. 

It will take practice to get 
proficient with a caulking gun 
but do not get discouraged. Hie 
best bead is made in one stead;% 
continuous pass. Start in an 
inoon^icuous place and do not 
be afraid to clean up a few of 
the first tries and start again. 

10. When a cracJc is finished, remove 
the gun and release the pressure 
CT~the cauDcing tube by twistiJ^ 
the plunger rod to disengage it 
f ran the trigger ratchet . 



D. Installing Storm Windows and Doors 



Ihe heat loss through a single 
thickness of windm glass is about five 
times as areat as the heat loss throu^ 
an ordinary wall structure without any 
insulation. 1he3Defore, rather large 
arounts of energy can be saved by 
reducing heat loss through the windows 
and doors. On ccnpletion of this section^ 
you will be able to install stom windows 
and doQcs properly . 

Procedures are given under the 
following headings: 

1. Installing Storm Windows. 

2. Installing Stom Doors. 



1. IHSTOLLIMS STOBM WIKEX)WS 

Procedures are given under the 
following headings: 

a. Glass With Wbod Frames. 

b. Glass With Aluninum Franes. 

c. Rigid Plastic. 

d. Flexible Plastic. 

a. Glass with !feod Frames 

Proceed as follows (Figure 103); 
1* Measure old window frames. 
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FIGURE 103. Installin^i glass storn^ 
window with wood frame. 



2. Have new f rane irade at your 
hiilder supply ocnpary . 

3. Trim to fit . 

Use old window to inark n&f one. 
Note that each vdndw in an old 
building may be of different 
dinansions. 

4. paint new frames . 

5. Install in same manner as old 
windows . 

b. Glass with Aluninan Ftames 

Stoorm winders for casement, awning, 
and hopper windows are purdiased as a 
pieoe of glass with an alumimia frame 
around the edge. They are fastened to 
the inside or outside of the sash. In 
some btT^nds of windows, they merely snap 
into place and are called HDG's or 
removable double glazings. 

It is possible to use oontoination 
storm windows or RE)G^ s in oontoinatiofi 
with insulating glass to form a triple 
glazing. Vftiile double glazing will cut 
the heat loss almost in half, the triple 
glazing will cut it dcwn to nearly a 
third of what a single layer of glass 
will lose. 
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Aliitonwi oontoination storm windows 
include two storm sashes and one screen. 
They cone as double-tracfc units that 
have an upper storm sash and lower screen 
in the outside track and a lower storm 
sash that raises for ventilation in the 
inside track. Triple track units have 
separate tracks for each sash and the 
screens. They have the advantage of 
allordng ventilation fran the top of the 
window as well as from the bottoru 
Alimimm oontoination storm windows can 
be used only on' double hung and hori- 
zontal slider windows because they dD 
not open out. Ito install them, the 
following procedure is used (Figure 104): 

1. Measure the windows aoocyding 

to the i3:istructic»g of the ^aljsr . 

2. Trim to fit if needed. 



SCREW 




FIGURE lOu. Installing aluminum 
framed storm window. 

Windcws should cone triitmed to 
size and pre-drilled for screwing 
them into place. If part of the 
frame mast be triitmed to fit, 
most aluminiin storm winders have 
a series of grooves along each 
edge to help you. Use a tin 
snips to start a cut at cuie of 
th^ grooves, grasp the cut end 
with pliers, and pull. T!he 
metal will rip off along the 
oroove. 



3. Place the stonn agaixist the 
winacw frame and agjust it so 
that the exposure is even cn^ 
Ebft edges and the storra is "level 
and squared 

4. Mark the locatiai of fao holes 
on opposite sides of the frane . 

5. Unless yog have help to hold the 
stonn, take it <3towri and nake 
lead holes for the screws . 

Hhis job can be dcsie with a drill, 
an awl, or a nail and hanmer. 

6. CaxiJk the window frame where the 
storm will fit . 

7. Put the storm back MP and put the 
two screws in to hold the storm 
in place . 

8. Put in the rest of the screws . 

9. Clean away the excess caul3dng . 

10. Check to see that the v&it holes 
or notdies in the storm window 
frane at the sill are clear of 
caulking. 

Itiese are present to allow conden- 
sation that collects on the sill 
to run out. If the condensation 
cannot get aw^, it will cause 
the sill to rot. 

c. Rigid Plastic 

One brand of single pane storm 
wintkws of rigid plastic is installed 
in the following manner (Figure 105). 

1. Measure windows . 

2. Cut frame tnoldings . 

For windows with stools, cut 
two frame moldii^ to the height 
dimension and one frame and cne 
sill molding 2.9 cm (1 1/8 in) 
shorts than the width measure- 
ment. 



3. For windows without stools^ oA 
two frame noldings to the tfeyjhfc 
neasurement and two frame nolmigs 
to the width measurgnrnt . 

4. Score and sna^ plastic . 

For windows with stools score 
and snap the rigid plastic 1.3 cm 
(1/2 in) shorter than the width 
measurement and i.O an (3/8 in) 
shorts than the height measure- 
ment. For windcMs without stools, 
the rigid plastic is scored and 
snapped 1.3 cm (1/2 in) shorter 
than each measurment. 




FIGURE lOS. Installing rigid 
plastic storm winc^cw. 



5. Rgrpve^prote^ film from 
rigid plastic and slip frame 
ipgrbers onto its edge . 

Be sure that both the inside of 
the window and the inside of the 
rigid plastic are clean. 

6. dean the assembled storm window 
for fit . 

7. RaiDve the protective coyer f rem 
the adhesive and press the window 
into place on the inside of the 
window casing . 

Seme frames are made to screw 
into place instead and can be 
fastened to the outside of the 
window as well. 
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NAIL SUTS 




CLEAR 

FLEXIBLE 

FUSTIC 



FIGURE 106. Installing flexible 
plastic on outside of window, 

d. Flexible Plastic 

Flexible plastic joay be installed on 
either the outside or inside at the 
windw. Pnxedures are given under the 
folLcMinQ headings: 

(1) Outside Installatijon. 

(2) Inside Installation. 

(1) OtnsiDE nBTOriATlOH . Proceed as 
follows (Figure 106) : 

1. Purchase 2.5 on <1 in) wod 
sla ts. 

2. Maasure width ctf widest wiJidow 
and total length of all windows 
and pjrdiase the ntnter of linear 
meters (feet) o£ .15 nw (6 ndl) 
polyethylene film that is needed . 

3. Cut plastic 10.2 cm {4 in) over- 
size . 

4. tteil the slat across the top of 
the window frame with the plastic 
beneath . 

5. Nail the slat to the sill vdth 
the plastic pulled ti^tly 
beneath the slat . 
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FIGURE 107. Installing flexible 
pl.t.;tic on inside* oi w:n(Jow, 



6. Nail the slats to the side window 
Iraames^ tryiro to get the wrinkles 
out of the plastic as you do^ 

7. Trim the excess plastic off with 
a utility laiife. 

(2) INSIDE INSTAIIATIOW . Proceed as 
fiollows (Figure 107) : 

1. Measure windows and purchase 
plastic . 

2. Purchase duct tape . 

3. Cut plastic 5.2 on {2 in) over- 
size . 

4. Put tape along the top ed^ of 
tfie plastic with 1.3 cm (1/2 in) 
of tape beyoid the edge . 

5. fasten tape to the top casing . 

6. Put tape along bottgn edge of 
plastic^ bend bottan 1.3 oh 
(1/2 in) of plasUc ancTstlck 
tape to sill . 

7. Put tape along both sides of the 
window to hPld plastic firmly in 
place . 



2. INST!ttUNG STORM DODRS 





The R-^alue can almost be doubled by 
placing a mod storm door over a mod 
eacberior door. The alixninum storm door 
will perform only half as well, but if 
it has good weatherstripping, it will 
cut down greatly on infiltration. 
Procedures are given under the following 
headings: 

a. Installing \bod Storm Doors. 

b. Installing Alunninum Storm Doors. 

a. Ihstalling Wbod Storm Doors 

Hbod storm doors are hung to the 
bETidc mold or the outside ■ casing of the 
door. Briefly, these are the steps 
CPigure 108): 

1. Trim the storm door to fit 
the opening, making it j^to 

5 Ttm (1/8 to 3/16 in) narrower 
and shorter than the opening . 

If the opening is not square, be 
sure to make the door fit any 
variations. 

2. texk the location and outline of 
the hinges on the edge of tf^ 
door and inside edge of the brick 
mold or the outside casing. 



3. vath a chisel, cut the gains for 
tiie hinges into the edge of the~ 
door and inside edge of the brick 
mold or the outside casing J 

4. Slip the pins out of the hinges 
and screw each half of the hinge 
Into place . 

5. Put the door up and put the pins 



bade into the 



U P and 
! ninqei 



s to hold the 




door into plai^ 

6. Install the latch according to 
the instructions . 

7. Install and adjust the door 
closer and wind check according 
to the instructions. 



MARK & CHISEL 
AREAS FOR HINGES 




WOOO FRAME 
STORM OOOR 



PINS FOR HINGES 



FIGURE 108, 
door. 



Installing wood storm 



b. Installing Aluminum Storm Doors 

Aluminum storm doors are usually 
purchased pre-hung, neaning that the 
altminum door is alreacfy hung to a frane 
around both sides and the top. The 
frame pieces are called Z bars. ^I^iere 
mil be spaces bett^een the frame and 
the door. Leave them there until the 
door is set in place. *rhe following 
steps are taken when hanging an alunlnua 
storm door (Figure 109): 
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riGURL 109, Installing aluminum 8. 
storm door*; 



1. Msasure the opening betweegi the 
inside edges of the bride npld 
or oytside casii\^ for the width 
^ betwe^ the inside edge of 
tiie head trim and the door sill 
for the hei^t . 

Check the frame for squareness 
also. 



Check the width and length of 
the starm doca: frame to see if 
it will fit the opening . 

Measure alcng the side frames 
and nark than to the proper 
length . 

Cat the battens eaids off the side 
frames (Z*bars) , square acfogs 
the front and about 3 nm (1/8 in) 
shorter in the back^ 

Bus type of cut will give them 
an angle that will oorrespond 
with the slope of the door sill. 

Put the door and frame assenbly 
into the opening, center it and 
screw it into place with 4 screws . 

Rgnove the spaoerff f rati between 
the door and frame into the trim . 

Also drive three screws through 
the edge of the frame on the 
hinge side into the trim. 

Install the door latch aooording 
to the instructions . 

Install the autanatic door 
closer according to the 
instructions . 

Install the wind check unit 
according to the instructions . 

Adjust the autotatic door closer 
and itake sure the door closes 
freely, latches, but does not 
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ML Improving Efficiency of Equipment 



Because the enfdiasis oonsiming 
energy is rather recent, mar^ of the 
energy ocxisuning ^stecns that \f«e have 
are not as efficient as they coaiA be. 

There are tuo basic things that can 
be done to all beating systens using 
fossil fuels: 

- Ihe flue fron the furnace to the 
chiinney nay have a heat reooyery 
unit installed so that less heat 
will be lost vp the chinn^. Be 
carefiil, however, not to cool the 
gases so much that the proper draft 
is xxyt maintained in the chiimsy. 

- Have an automatic ignition system 
installed on a gas or oil furnace 
to rqplaoe the pilot light. Over 
the period of a year, the pilot 
light oonsones rather large anx>unts 




of energy. 



Sane of the iirprovanents motioned < 
here are sinple and inexpensive; others 
will be quite costly and time oonsurdng. 
In this section, suggestions are given 
as to how some systems can be made nore 
efficient. l!he areas to be oovered are 
discussed under the following headings: 

A. LTproving Efficiency of Heating 
Systans. 

B. Ltproving Ef f ici^cy of Qooling 
Systans. 

C. Ltproving Efficiency of Venti-- 
lating systems. 

D. Improving Efficiency of Lighting 
Systans. 

E. InpruvinQ Efficiency of Plurbing 
systems. 

F. liipixiving Efficiency of Appli- 
ances and Equipnent. 




er|c 
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A. Improving Efficiency of Heating Systems 



Anything that can be dom to inprove 
the efficiency of heating systems will 
itake the energy dollar go farther. Fton 
your study of this section, you will be 
able to describe methods of inprwing 
efficiency of ecyaipment . The following 
topics will be discussed in this section: 

1. Fireplaces. 

2. Stoves. 

3. Poroed Air Systems. 

4. Hot-W^ter Systans. 

5. Heat Punps. 



1. FIREPIACES 



The existing natural fireplace is 
the most difficult to modify in any way. 
There are large amounts of nasonry 
surrounding the fire chaniber and a great 
deal of weight being sijfiported by the 
structure. One thing, however, that can 
be done is to install a tempered glass 
screen with doors across the fireplace 
opening {Figure 110). To lessen the 
anount of heat loss ip the chiim^ when 
the fireplace is not in use, keep the 
doors closed. The danper mui^t be kept 
closed vihen not in use and the chiinney 
should be checked periodically to make 
sure that it is not obstructed or 
partially blocked. 



The majority of fireplaces are very 
inefficient sources of heat. Consid- 
ering the amount of heat lost through 
leaky daiper^ when the fireplace is not 
being used, th^ may waste more heat 
than they produce, even if they are used 
frequently. 

Fireplaces are discussed under the 
following headings: 

a. Existing Fireplaces. 

b. New Fireplaces. 

a. Existing Fireplaces 

Most existing fir^laces are either 
of ocnplete masairy construction (seme- 
times called natural fireplaces) or of 
masonry with a prefabricated fire chanter. 
Within the last few years, the totally 
prefabricated fireplace and chinn)^ have 
been gaining in popularity. Eadi of 
these categories will be discussed 
separately. 




b. New Fireplaces 

In new construction, the placement 
of the fireplace will help determine the 
amount of heat gained from it. Fire- 
places that are ocrpletely within the 
structiare of the building will tend to 
radiate heat from the masonry to the 
house for long periods of tjjne after the 
fire has gone out. Fireplaces on out- 
side walls will radiate a great deal of 
this heat to the outride and also create 
insulating and caulking problartc. 
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Ar^ fireplace will be ituch mare 
efficient if canibustion air (called 
itake-up air) can be provided directly 
from the outside (Figure 111), this air 
keeps the fireplace from drawing teated 
air fron the building to provide air for 
ocnbustion and to carry the smoke and 
other products of ccndDustion \jp the 
chiimey. When make^ip air is drawn fron 
the building, infiltration is increased 
and more c .tside air most be heated in 
orcSer to keep the house warm. If an 
older house has had v^or barriers 
£^lied, has been weatherstripped, and 
has be^ caulked, the fireplace may start 
to smoke. The sources of make-ip air 
through infiltration have been stopped 
and adequate draft can no longer be 
provided. The sanne will be tnjie of net/tr 
houses that have been made as energy- 
efficient as possible. 




INEFFICIENT 
INTERIOR AIR 
DRAWN INTO 
FIREPLACES 



J OUTSIDE 
AtR TO 
FIREPIACE 
INCREASES 
EFFICIENCY 



riGLiRE 111 



(ouf^iCG) air 



should be providf>c lor iirf?;ldces. 

Hie nake-up-air duct si^e will vary 
according to the flue size of the 
diimney. Care must be taken that the 
duct not be placed vrfiere it will be over- 
heated ty the fire in the fireplace 
and cause a fire in the structure of the 
house. A danper in the make-up air line 
will liable it to be closed wh^ the 
fireplace Is not in use. 
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WARM AIR 
OUTLETS 




DOUBLE 
WALL 



COOL AIR 
INTAKE 



FIGURE 112. Prefabricated fire 
chamber for fireDlace* 

Prefabricated fire chambers have 
dauble steel vjalls (Figure 112). Ihe 
air betveen is heated and noved into the 
room ty co nvection or with a blower. 
Usually, tK^e will be four openings in 
the front ct sides of the face of the 
fireplace. The lower ones take oool air 
from the rtxni into the double wall area 
and the heated air comes out of the 
upper ones. Air can even be moved to 
other rooms or levels of the building 
ty using ducts and blowers. 

Prefabricated fireplaces and chimneys 
are rnuch easier to install, cost less, 
and are now engineered so that provisions 
have been nade for naJce-ip air, e>ctra 
tight danpers antS the heating of air in 
a double-walled fire dnarttoer. They are 
obstructed so that they can be placed 
right against the wood frandng (Figure 
113) . This is the zero clearance 
feature. In nai^ brands, this is acxxm- 
plished ty circulating oool outside air 
in tvo spaces bettveen the outside wall 
of the fireplace or chimney and the 
inside one. The framing of the area in 
which the fireplace sits must be well 
insulated to prevent fire. 
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ZERO-CLEARANCE FIREPLACE 
CAN BE PUCEO ALMOST 
ANYWHERE 




m 







FIGURE 113- Prefabricated fireplace* 




FIGURE 11 5 • 
clean • 



KeeL> fu:Mrc*e filters. 



If jou are going to install your own 
prefahrioatea fireplace, be sure to 
follcw the instructions from the manu- 
facturer to the letter so that you vlll 
have a safe and effici^t fireplace that 
will last for many years. 

Ih^re are three basic things that 
can be done to jjipxtve the efficiency of 
stoves and space heaters. Ihey are as 
follows (Figure 114): 




ATTACHMENT TO 
REMOVE HEATED 
AIR FROM PIPE 



— ^ FAN TO 
^ CIRCUUTE 
HEATED AIR 



FIGURE IH. Attachment for improving 
the efficiency of a space heater or 
stove. 



1. Make sure that the stove has 
enou^ make-up air for prc^jer 
ocutoustion . 

2. Purchase an attachment to rqplaoe 
part of the stove pipe tiiat will 
remove more heat f roro the stove 
pApe before the gases pass up 
the chiirn)^ . 

CfiOTION: Excessive cooling of the f iire 
gases may cause impxTper venting of the 
flue gases. 

3. Place a low ^^eed fan near the 
stove to circulate the heat to 
other parts of the room. 

3. PCTCED AIR SYSraMS 

Ebrced air ^sterns can be litproved 
in efficiency by several methods. They 
are as follows (Figure 115): 

1. Keep the furnace filters clean . 

When the filters beoome clogged 
or even partially clogged, tJie 
furnace cannot circulate the aix 
through the furnace fast enoiagh 
to car3:y avey the heat producedi 
causing more heat to be lost \Jp 
the chimney and thus iraking the 
furnace less efficient. 
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2. 





Have the furnaoe checdced and 
adjusted jperiodioaUy to be sure 
that the burner, if it is an tail 



IS operating 



3. 



4. 



or gas fired furnaoe, 
at peak efficieaficy" 



Oict niake-up air directly from 
the outside to the fire chanter 
of the furnaoe . 

Qieck the efficiejKy rating of 
your furnaoe . 

When installing a new furnaoe, 
shop for the niost eff icieit for 
your area. 



4. HOT"WA!roR SifSTEMS 

Ibt-^ter systans my be of two 
kinds: The gravity fed systm and the 
forced h3t*-wa%gr heating ^stem . 

Ihe reasai that gravity iTot-vatec 
systens are not being installed tcxiay is 
tfat the pipes and radiation units 
required are so large and the systar^^ 
contains so much water. Therefore, the 
tenperature fluctuates greatly in the 
spring and fall. In the early naming 
hours, heat is called for and the systan 
is heated up; as the noming progresses 
and beat is no longer needed, tile systen 
has not cooled sufficiently so the house 
is ov^heated. Heat is vasted because 
doors and windows must be opened to cool 
the house for comfort. Hany times the 
syst€n can be up-graded by replacing the 
old style radiators with baseboard 
radiation tube units or convector 
cabinets on the same piping systen and 
including zone purrps at the boiler. 
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The forced hot-^ater system will 
probably be a rather efficient system as 
it is. It sometimes may be ijrprcnred by 
placing insulation on pipes '^liiere the 
beat lost fron the pipes is not needed. 

In either these systems# it is 
very iuportant that all air be bled fron 
the systan to keep from having air locks 
in the pipes. 

5. HECT PIMPS 

H&at pijrps are merely refrigeration 
units that gather heat from tlie outside 
air or a source of water by having the 
cooling coils (evaporator) in one of 
those madi\jns. Ihe condenser coils 
(like those usually seen beneath or on 
the back of a refrigerator) are placed 
in a fan cabinet through which air is 
circulated. 

Ihe main thing that can be done to 
iitpcove their efficiency is to ke^ both 
the evaporator and condenser coils clean 
and free o£ dust and dirt (Figure 116) , 
in ocdier to allow for a free exchange of 
heat at both locations. 

When purchasing a new heat puttp, 
oorpare the efficiencies of different 
systems. 




FIGURE 116. Keep heat pump coils clean. 
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B. Improving Efficiency of Cooling Systems 



Aix ociiditioning or cooling systans 
w>rk the reverse of the heat pmp 
nenticaned in the preceding section* The 
evaporator coils are ui the fan cabinet 
and the ocnpressor and condenser unit 
are outside* Again, it is very necessary 
that the evaporator and oondeiiser be kept 
clean and free of dust and dirt* Hie 



condenser unit inust also be iji a location 
where a ftree flow of air is possible and 
i4iere it will not be subjected to long 
periods of direct sunlight* 

All ducts from the fan cabinet to 
the register should be well insulated 
to cut down on condensation and heat 
gaiJi* Keep filters clean* 



C* Improving Efficiency of Ventilating Systems 



Ventilating systems will consist of 
a fan, duct work and usually sane type 
of air filter* Hie fan should be checked 
to see that the belt, oomecting it with 
the electric nDtor that drives it, is in 
good condition and is not slipping* If 
the fan has a variable speed pull^ 



system, the fan should be checl^ed and/or 
adjusted for the prcper speed* Intake 
and exl^ust grills on the duct ^tan 
should be cleared and checked for 
obstriKrtions* Finally, the air filters 
should be kept clean and ftree from dust* 



D* Improving Efficiency of Lighting Systems 



Wherever possible, use fluorescent 
lighting for general lighting because 
TOCh nore light is produced by the saine 
wltage* 

The use of light colors that reflect 
rather than absorb light will increase 
the efficiency of the lighting system* 
The strategic placement of windows will 
also help* 



effici&cy of lighting systems 
can te iirpcoved by planning the lighting 
in each rocm so that ai^ area of the 
^nnoin Villi be lighted separately as it is 
reeri.ed* This plan is called task 
lighting* Less light is required for 
lighting a sntall area than is required 
to light a whole room, so that a person 
can see well in any psurt of the room* 
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E. Improving Efficiency of Plumbing Systems 



Plunbii^ systents cxoiscme energy in 
t3wo \ays; by requiring energy to pirp 
the vBber, either frcnt a private well or 
in a public systent, and by using energy 
tx> heat water for the many activities in 
the hone. The following itans will be 
discussed: 

1. Installing insulation Around Hot 
"i^ter Pipes. 

2. Installing Insulation Around Hot 
\^ter Heaths. 

3. Ihstalling Pressure Beduoer and 
Other Vfater-Saving Devices. 

4. Checking for Leaks. 

By taking some time and spending a 
rather snail aitount of mDney, a signif i* 
cant anount of energy nay be saved in 
this area. 

1. INgmLLOJG INSUMTION ARDUtO HOT 
WMER PIPES 

tArunsulated hot wat^ pipes veste 
energy in two veys. First, water that 
is heated cools in the pipes and in 
surmer the heat adds to the -cooling load. 
Secondly, the cool wat^ inust be drawn 
from the pipes and this water is usually 
wasted. Therefore, it is best that all 
hot water pipes be insulated to vdiere 
the pipes come through the wall. 

The pipes may be insulated by 
purchasing a kit containing a roll of 
narrow fiberglass insulation and tape 
that wraps ardunJ "tne outside to protect 
the fiberglass. First the fiberglass is 
wound around the pipe and then the tcpe 
is wound the opposite direction to hold 
the fiberglass in place (Figure 117). 




FIGURE ll''. Insulating water pipe. 



Another kind that is more easily 
installed is the pre-f ormed slip-on 
foam insulatictt (Figure 117) . It ocnes 
formed in a tube shape and is split 
lengthwise so that it can be sliE^)ed over 
the pipe. TAerely slip it over the pipe, 
press it together and tape it unless it 
happens to be the self-sealing type. 
Fitting/! and valves may still require 
the use of the wrap-around insulation. 



2. INgESUJMG IHSUIAna^ AROUND HOT 



VKT^ HEATERS 



3. XNSEAUJWG PRESSURE REDUCER AMD OIHER 



WKEER-SAVING DEVICES 



Although lot water hBaters are 
insulated, they can be nade to keep the 
water they hold liot longer by adding 
extra insulation to the outside. 

Use duct tape to tape 7.6 cm (3 in) 
batts or liLankets of insulation with a 
paper or foil facing to the outside of 
the water heater. It is possible to 
purchase insulation kits for this 
purpose or to purchase duct insulating 
blarikets which look neater than regular 
blanket or batt insulation (Figure 118). 
Caution: On gas or oil water heaters, 
do not insulate the top of the heater as 
it nay interfere vdth the draft's going 
to the flue. Also, do not insulate the 
bottom as it coald cut off the air needed 
for oojnbustion. 




I 

riGURE 118. Insulate hot water 
heater- 



The conservation of water is another 
vay to save energy. 

Por inost purposes, no irore than 
276 kPa (40 psi) of water pressure is 
needed in a building. Greater pressure 
merely vastes water. If there is a 
private water syston, the pressure 
oontrol switch at the pmp can be 
adjusted to oontrol this problem. If 
a building is on a public water siqpply 
system and main pressures go above this 
point, a pressure reducing valve should 
be installed. This valve should bo 
installed in the building si^ly line 
n^r the meter before any other pipes 
branch off (Figure 119) . A strainer 
should be installed in conjunction with 
it to keep dirt out of the mechanism of 
the pressure reducing valve; 




FIGURE 119. Pressure reducing valve. 



Shower heads can also be purchased 
that are oonstnjcted so that the flow of 
water can be controlled and water 
conserved. To install one, merely 
rerove the old shower head and screw the 
new one in place. 



Toilets which use less water can be 
installed and wany existing toilets will 
work just as well if a brick is placed 
in the tank to displace that volume of 
vater. 
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4. CHECKINS FOR I£AKS 



• Both hDt and oold ^ter pipes should 
be checked for leaks (Figure 120) . Most 
leaks beoonie readily evident due to 
dairpness showing in the structure. In 
crawl spaces^ however^ a leak might 
continue undetected for long periods of 
tiite. ^lecause of this fact^ it is a 
good idea to chedc crawl spaces periodi- 
cally. 



A hot water faucet that drips nay 
waste mai^ Btu of heat as well as nany 
gallons of water. Shut off the water 
stfiply to the faucet and change the 
faucet washer or Orings dq^ending vpon 
the type of fauoet it is. If the faucet 
can not be r^aired in this way, then 
it must have the valve seal ground or be 
replaced. Most plvnbing books give 
instructions for these operations. 




FIGURE 120. Stop dripping faucets. 



Itoilets that run continuously 
usually do so becaxjse of a d^octive or 
inproperly seating tank ball or because 
the float is not adjusted to shut off 
the valve before the water reaches the 
top of the overflow tube. Again, r^er 
to a plumbing hook for the procedures 
to correct these ptobLans. 



The naxn sources of leaks that are 
ignored are dripping faucets at fixtures 
and toilet tanks that may have defective 
or iii(3(n:f>erly adjusted flushing and 
filling mechanisns. 



• 

F. Improving Efficiency of Appliances and Equipment 



The first thing each person can do 
is to stop and think about whether every 
applia3x:e on the market is necessary to 
own. Then decide v*Bt size is best. As 
an exanple, why hay a four slice toaster 
if m3st of the time no more than two 
slices are toasted at once. Electric 
r^rigeration and food freezers that are 
frost*free oonsune much more energy, so 
think twice before purchasing than. 



Gas cooking stoves with pilot lights 
may consune \sp to 1/2 of the total gas 
used, gas appliances are avaiable 
with autmatic igniters instead. 

A micrcwBve oven is m^re efficient 
than a regular one* 
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